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DEFINITE -PROJECT REPORT
BEARDS BROOK RESERVOIR

SHECTION A .. PERTINENT DATA

A summary of the pertinent data and governing criteria for the
selection, design, construction, operation and cost of the Beards
Brook Reservoir, Merrimack River Basin, New Hampshire, as described
in this report is.presented in the following table,

Lo . Project Location eesvesesensss Jorth Branch and Beards Brooik,

tributaries of thHe Contoocook
River; approximately 2 miles .
west of the village of Hillsboro
and 8 milses north of the village
of Bennington, N,H,, approxi.-
mately at river mile 136 above

the mouth of the Merrimack Rivers :

2. BReserveir Data

Drainage Areal
Worth Branch, Contoocook River I 64 sq. miles
Beards Brook l‘.I.I.’..........,."Ql"liﬂ.l 56 Sql miles
Total Dralnage Area T 919 8qQ. miles
Plood control storage canacity evesssissessss.3H,000 acre~feet

Inches of storage capacity on drainage area... 5«5 inches
Reservoir area at elevatlon of spillway crest!
Hea.Vlly W'OOd.e‘d- 1and 6?/" AR R NN N A 556 acres
Sparse timber land: (8% vessuseesesne 67 acres
Cleared and cultivatod land (152) veeusus - 119 acres
Water and swanp 1and (g%) sreeban s ssnna 68 acras
Total resServoll ATGA svesssrscesasisanans 810 acres
Length Of TESErVOLY s.isevessovscscesssrecuses 2 miles
Maximum wave fotch NN YN R R N Y] 2 miles

3¢ .Stream Flow Data

Average flow, North Branch, Contoocook River,, 115 c,fus8e.
Average flow, Beards Brook (estimated)...ivees . 100 c.fe8y -
Average annual flood, FNorth 3ranch,

Contoocook RIvEr siveveeessecarviveecessns 1,050 cufesy ~
Average annual flood, Boards Brook (ostlnated) 1,800 cofess
Flood of 19 March 1936 Worth Branch,

OontOOCOOk Rlv@r IR I 5’”00 Cifvso-‘
Flood of 19 March 1936, Beards Brook(estimated)6,300 cefesse
Flood of 21 Scptember 193&, North Branch, \

COHtOOCOOk River R N R N R R R N M,M5O cefede.

- Flood of 21 September 1938, Beards Brook
(eStim&ted) R I I T I T re 6;000 Cdf&S¢



3, Stream Flow Data (Cont'd.)

Spillway design flood-inflow to reservoir:
Forth Branch, Contoocook River seesservecess 23,900 cofas,
Baards BrOOk 'o)oi)o}oo.b.mctt#c;toooo-mo.?wn 57,000 Coi.ﬂ.
Total design flood T I R T N R T R RN 66'500 Coefese
Spillway design flood-outfloW wesesssssesesessnes 02,500 cofese
Spillway design capacity (allowing for failure
of Jackman Dam) Y N R AR S A TR R Y T R R 19,300 cufese

ho Dam

TYPG P T I rolled sarth

Total 1ength of dam ...o.gooodo.noooirof.i-of-og; h,900 faet
Maximum height ot earth embankment sLEbBEELISER LSS 108 fest
i Top width of earth embankment SbssrssResErEEEEIen 25 fzet
Spillway crest elevation MoS Ly Jeseescessncvonss 705 faet
Spillway surcharge (Spillway Design F1000) veeaess 11 feet
Spillway surcharge (allowing for failure of
Jackman Dam ' CEL ISP E IR IEBL I REEE I EEENErEtdne 12.9 feet
Canal heald 1OSS .seeetesoveassirsinessesistnsosnsrs 1 foot
Allowance for failure of Jackmon Reservoir ...... 1 foot
Freeboar&. ;1;§o.o{loononolqO.i.lacouoooioaroénoo. 5 feet'
TOP of dam elevation qo-onoaoonlocoo'ioco;-u-.--- 723 faet MSL
Power development sesecisessssesesisisssssessanea none

‘B, Outlets

Location (a) Embankment -r;awa.o-oaaanoooc_ Sihgle gated conduit
(b) Spiliway vesenssnsssssrsss Single ungated outlet
Embaniment conduib: '
S1ze of conAuid evviseesvacsasoarnssnoronns 64 sq. £, .
Number Of serViGe gates [ R E R T Y YY) 3
Type 0Ff o568  sveevsvevecsssasssse Hydraulically operated
sluice gates -
Size of gate opPeNiNgs ' sivesesseres 2 gates - 3'wl x 7'-0
C eeasseere e 1 gate - u‘-o X 7'"0 ’
Elevation of gate 51118 avveosesoses : 617 feet MSL
Maximum discharge cavacity (¥.S. 31, 705),.. 3,360 cefeSe
Spillway outlet: : :
Size of OULIEE wevvirossvsvsrorcovasassoaes  U'=0F x 51-0Q"

Mumber of serviCe Zates devsasersccsacrsoss none
Elevation of outlet invert at intake ..eeese 680 feet MSL
Maxirmm discharge capacity (W.S. El. 705)... 860 cuf.s,
Dovnstrean channel capacity (estimnted) .... 2,500 to

: _ o 3,000 cefes,
Time of emptying‘SO% of capacidy sevveseens © T days
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Spilivay

Type of spilliway ...............;.....;' concrete gravity ogee
Grest elevation oooooo-oowuo-o-orno.oosoyoorp- 705 feet HSL
Length ov-looonsooolovvocoortoooooo¢-b-ooootooél uso f@et
Spillway dSSign discharge .yrrooo.our.govooooot 80,000 c.f S.~
Haximim reservolr elevationt’ _
(Spillway design £1lood) -*r,...............' 716 feet MSL
(Allowing for failure of Jackmen Dam) ..... 717.9 feet MSL

Allowance for failure of Jackman Reservolr shvsee’ 2 foet
DeSign head‘ '.l.....'....'..‘....“..l...'.....".‘ 13‘ fset
Foundations

Danm, genesral Ghedessiarparitinsceseried Impervious glacial till -

Dam, core Siskesibeieiinidiserienss Impervious glaclal $ill
Dike ouot.th-otorooonvcooo-oulnvoouro ImperV1ouS ﬂlaCial ti1l
Outlet workS weeessossiiniinosracnees Impervious glacial till
Diversion channel weir desediereniiaie Impervious glacial till

Splllway P R T T T L Bed rock
Spillway retaining wall® iiveeesieoes Bed rock
Quantities
i
Embanlkment s _
IﬂperV1ouB flll QoD.oo..uoiotilﬁorolT'DOOI 290)000 Cefe
Pervious fill o---g-ooooooaoo.s.:-8..-.{ u60j000 CoYe
Rﬂndom £i1l1 Cadbebeserabr et et 280,000 Ce¥e
Semi“compacted £i1l i;o‘;i;‘ottbto.oio-;p‘ M0,000 Cofe
Snecial and processed gravel sesiecshsved 116,000 cuy.

Rock slope protoction sivisessnssesessnes 185,000 CeYe.
Total Embankment on@ooo‘oo.ooiiigraﬁvvooio..op 1,371,000 Coy..
Excavation?

Barth ..pioqp-éoooo.oooinvootdoo?--oo).Jd BSOtOOO CeVe

ROCk 1edge .nu;omoolaoioétémdobi-vfoyro;n . 75,000 C-?i'
BOulderS. Mrrevseasse st tnRE st sstane . EBfOOO Co¥a’
TOﬁaI EXC&V&tion vt nsstenrrsrRs e at e e uS0.000 Cile’
Concretet
Ousiet works o‘oloooonart‘orotbo-icoc(-oc 7,000 CdYo'
Splllway IR I 5{000 Ce¥e'
Spillway walls ..veesiesséinesvocvsasscey 2,800 cu¥e’
Diversion canal spillway and walls .eeeese 1,800 coy.’
Hiscellancbus items seeessevessesosssense 5,200 Ce¥Fs
Total Concrete quo&oottoo.rmtit“.'bno;o3o;-‘q' 21{800 Co¥e

Estimated Cost. (Including contingencios, overhead, etc.)

Reservpir Cle&ring tt.l;.0-;0‘..'!‘!0..0&....‘ $ 16;000
Reservoir GOStB '..&.Q.lo‘llrcvl-ll..v—..... 2]'!’)4',000
Construction Costs8 sieresversrasaresessessssns 2,920,000
. Totﬂl COSt'o&ooo¢sq-ooi(i(J(o&&oq*&&yi.r{.s;;o; $ 3,180{000

Cost per acro~foot of total storage = $ 90.86
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DEFINITE PROJECT REPORT
BEARDS BROOK RESERVOIR
SECTION 3B -~ .SYLLARUS

The Beards Brook Reservoir is proposed as a part of the compre-
hensive plan for flood control of the Merrimack River Basin, authori-
zed by the Flood Control Act approved 22 June 1936 and smended by the
Flood Control Act approved 28 Juns 1938,..

The reservoir site is located in the town of Hillsboro, Hills-
bvoro County, Few Hampshire, in the Beards Brook drainsge basin, approxi-
mately one and onc-half miles upstrean from the confluence of the
North Branch and the Contoocook Biver, . The dam ond spillway are laid
out to impound flood waters of the Horth Branch and Beards Brook, and
are designed to provide flood proteetion for the town of Hillsboro
and to roduce flood stages on the lower reaches of the Contoocook and
Morrimacik Rivers., Tho proposed dam consists of an earth-filled em—
bankmont soction, approximately 4,400 feet long with o maximum height
of 108 fcet, constructed across the Beards Brook Valley, " The proposed
gpillway is a concrete gravity ogee scction with a crest length of
U50 fect nnd is founded on bedreck across the North Branch Valley.

The outlet works, consisting of an intake structure, threce (3)
hydroulically operated sluice gates, a single conduit through the
cmbankmont and o stilling basin, are locanted approximately in the
existing stream bod of Besrds Brook, 4An ungated outlet is provided

in the spillway section for discharging the normel overflow fronm the
poWer pool of the Jackman Reservoir which is located approximately
2,500 feet upstreem on the North Branch, 'A short channel, located
immediately upstrean from the combankment section and spilllway is pro-
vided to divert flood waters from the North Branch inte the reservoir,
and to aet as a spillway approach channel from the reservoir for

- spillway floods. The estimatoed cost of the project is $3,180,000, .

based on a 3~yesr construction period. TLocal financial cooperation
ie not rogquired for this projects .Authorization for proparation of
this project report is contained in letter from the Chief of Enginecers,
Washington, D. C,, to the Division Engineor, Now England Division;
dated 18 Docerber 1943, subject: "Definite Project Roports for Ben~
nington and Beards Brook Reservoirs", (OCE File o, CE g21,2 Hopkin—
ton-Bvorett Dan)), ‘

- Dl -
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War Dopartmont )
Unitod Stotcs Boginoer Offico
Boston, Massachusetts

MERRIMACK RIVER BASIN FLOOD CONTROL PROJECT

DEFINITE PROJECT REPORT
BEARDS BROOK RESHERVOIR
HILLSBORO, N.H.

SECTION ¢ .. TEXT OF REPORT
. Novombor 1945

1. Project Authorization,~ The Beards Brook Resorvoir for
flood control in the Contoocook Rivor Basin, New Hampshire, asg
doseribed horcin is proposcd as an clomont of the comprchensivo
plan for flood control rosorvoeirs and rolated flood control works
for the Morrimack Rivor Basin authorized by tho following portions
of tho Flood Control Acts of 1935 and 1938

a. TFlood Control Act, approved 22 Juno 1936 (Puvlic Yo,
738 - Tuth Congross): :

UFLOOD CONIROL ACT OF 1936

“Soc, Hs That pursuant to the Policy outlined
in Soctions 1 and 3, the following works of improve—
ments, for the benofit of navigation and the control
of destructive flood watoers ond other purpescs, are
horoby adopted and authorized to e prosccuted, in
ordor of thelr cmergoncy as may dbe dosignated by the
Presidont, under the dircetion of the Secrotary of
War and supervision of the Chiof of Engincers in
accordance with the plans in the respcetive reports
and rocords hercinnftor designated: Providoed, That
penstocks or othor similar facilitiocs, adaptod to
poseible future usc in the dovelopmont of adeguate
ploctric power may be installod in any dam horein
authorized when approved by the Scerctary of War
upon tho rocommondation of the Chiof of Engincors.

I EEEEREEEEEE R E T
. TMBRRIMACK RIVER. NEW HAMPSHIRE AND MASSACHUSETTS
"Construction of a systom of flood control reservoirs in the
Meryimnck River Bggin for the reduction of flood heights in the

Morrimnck Valley gonorally; estimated construction cost, $7,725,000;
ostimnted cost of lands ond damages, $3,500,000,Y

f



. Flood Control Act, approved 28 June 1938 (Public
- Fo, 761 - 7Hth Congress, 3rd Session)

"Sec. 4. That the followins works of improves.,
ment for the benmefit of navigation and the control
of destructive flood waters and other purposes are
hereby adopted and aunthorized to be prosecuted under
the direction of the Sceoretary of War and super-
viglon of the Chief of ¥ngineers in accordance with
tho. plans in the respective reports hereinafter desig-
nated! Provided, That penstocks or othor similar
facilities adapted to possidle fubure use in the
dovelopment of hydroslectric power shall be in-
stalled in any dam herein authoriged when approved
by the Seeretary of War upon the recommondation of -
the Chief of Engineers and of tho Fedeoral Fower
Commission,

TMERRIMACK RIVER BASIY

"The goneral comprchensive plan for flood control
and other purposes, as approved by the Chiof of Engi-
neers pursuant to preliminary oxaminations and surveys
authorized by the Act of June 22, 1936, is approved
and the projoct for flood control in the Merrimack
Rivor Basin, as authorized by the Flood Control dct
approved Juno 22, 1936, is modified to provide, in
addition to the construction of a system of Flood con~

‘trol reservoirs, related flood control works which
may be found Jjustified by the Chief of Bngincers,”

The Beards Brook Reservoir is scleched in accordance with the
rocommendation of the Board of Engincers for Rivers and Harbors
which was concurrod in by the Chief of Engincers in the 10th Indorsc—
ment, dated 10 Decomber 1943 on letbter from the Chief of Engineors
to the Resident Momber, Board of Engineers for Rivers and Harbors,
dated 6 Decorber 1941, subjoect, "Reservoir Plans for the Contoocook
Basin, Now Hampshire", Filc ¥o, 7402 (Morrimack, RlveréHOPkinton-
Everett Res.)=ltl,

The proposcd Boards Brook Reservolir and the Bennington Reser—
. voir on the Contoocook River ars being substituted for the previously
approved Hopkinton-Bvorett Roservolr in accordance with the recom— .
nendations contained in the correspondence referred to in the above

paragraph.

2, Investigntions.-

2+ Scope of Invostigations and Studies,~ .Complete

-2 e
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investigations and étudies have boen made of 21l factors affecting

the design and construction of the reservolr, Bata have been com-
piled, studled and analyzed on climatical, hydrological, and geo-
logical conditions, flood heights, frequencies and losges, power

possgibilities, oconomics of construction,.and beneflts to be de-

rived from the construction of the projects DTetailed descriptions
of the investigations, analytical studies and results are contained
in other secctions of this report.

- ba Previous Investigation of Contoocook River Basin,-
A comprehensive system of flood control reservoirs and related
flood control works in the Merrimack River Basin was authorized
by the Flood Control Act of 28 June 193¢ (Public No, 761 ~ 75th

Congresg, 3rd Session) and funds were approprinted for the work.

This authorization for a comprehensive system was based on o report
and recommendntions made by the District Engineor which wero sube
nitted to Congress and pudlished as House Document Fo, 689, 75th
Congress, 3rd Session, ' In the preparation of this report, pre-
liminary studies of the Beards Brook site, oxclusive of the North
Branch, were made and the site listed as & possible lecation for

a reservolr, although construction was not recommended due to-the
estimated high coste: This report placed emphasis on the Riverhill
site in the westerly part of Concord for control of the Contoocook
River, ' Due to loeal oppesition, the Riverhill site was abandoned
and. the West Peterboro, Mountain Brook and Hopkinton-Bverett roser-
voirs wore substitutods

Various roports were submittod on the threc reservoirs, in-
cluding a definite project report on the Hopkinton-Everett project
which was opproved,subject t% nminor modifications, by the Chiof of
Engineers on 12 March 1940 (Pilo B.Ds 7U02 (Morrimack River, Hop-
kinten-Everett Reservoir)~g), During tho sarly period of planning
on this project the natter was referred to the Federal Power Com—
mission for comment and recommcndation. ' The Commission carried on

- extensive investigatlons of the possible over-all development of

the Contoocook River Basin, for which investigations the District
Englneor obbaninoed and furnished the basic data, * Theo roport and:
recormendabions of the Commission were presented at the time hear-
ings were being hold in response to the request by the War Depart-
ment for approval by the State of Wew Hampsehire for tho acquisition
of land for the Hopkinton-Bverett projects The Commission's report
included proposals for the construction of o series of resorvoivs,
including one on Beards Brook at Hillsboro Lower Village as alter—
nates for the Eopkinton-Everott project.’

The Comnission's proposal resulted in a series of studies being
nade by tho War Depariment and the Federal Power Cormission, but
sincc agrooment as to the bost neans of development could not be
reached, the mabtter was roferrod to the Board of Engincers for Rivors

-..-3 -



and Harbvors for recommendation (lotter from the Chief of Engineers,
dated 6 Docombor L1941 subject: "Reservoir Plans for the Contoocook
Baein, New Hampshire", File 7402 (Morrimack River - Hoplinton-
Everctt Res,)=d1l), The recommendation of the Board of Engineers
that tho Beards Brook and Bennington Reservoirs bo constructed in
lieu of the Hopkinton-Bverctt Reservoir is contelned in the 9th
Indorscment to this lettor,

&. Publie Henrings.~ A public hearing on the Beards
Brook Roservoir was hold at Hillsboro, New Hampshire, on 14 August
1945 by tho Water Rosources Board of the State of New Hampshiro.
This ngoney has beon cormissioned by sbtate logislativo action to
study proposcd flood contrel projects, hold public hoarings and to
make rocomaondations to the Governoris Couneil regarding such
projects prior to action by the Governor!s Council with regard to
granting pormission to the Unitoed States teo acquire land and rights-
o:'c‘-wn,y. ' '

Tho hearing was attendod largely by affccted proporty owners
and other intercsted local parties, approximatcly 7H persons
nttonding, Quostions and discussion contered largoly around nothods
of land acquisition, flowage linits as affecting individual proper-
tios and appoarance and conditior of the reserveir aren following
‘flooding, The loss of taxes through Government purchase of land,
highway relocations and the substitution of gnaller upstrean resor-
voirs to replaco the proposed projoet were other topics of discus-
sion, Considerable opposition to the construction of tho roserveir
was oxpressed ab the mectinz by local residonts, based almost en-
tirely on the disruption to be causcd by tho purchasc of the land
and the nllegod nuisance aspect of the resorvoir area aftor periods
of heavy flooding,

3« Local Cooporation.- Toecal financial cooperation is not
required as Scction 2 of the Flood Conbrol Act approved 28 Junc 1938
(Public No., 761 - 75th Congress, 3rd Sessioen) applies to this projocts

‘L, Definite Projoct Plan,

“a. @Genersl.~ Tho proposed reservoir controls practically
the ontire drainago arca of Beards Brook and the North Branch of the
Contoocook River, The reservoir will be operatsd as a simplec ro-
toarding basin, gatoc operation being used only for decrecasing the tino
of emptying, The reservoir is contained principally within tho Beards
Brook basin, with a drainage arca of 56 square niles, and the dan
and spillway are located so thet flood water from the sixty-four-
square-mile drainage arca of the Forth Branch which is spilled fron
the power pool of the Jackman Rescrvoir is divertod into the pro-
posod resorveir, The ponded ares of the reservoir at spillway crest

T
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elevation 705 is B1l0 acres, and the storabe capacity is 35,000
acre~-feet which is equivalent o' 5.5 inches of run-off from the
conbined drailnage area of 120 square miles.

b. Project Descrintion. The impounding structures
will consist of an earth dam and a concrete ogee section Spillway
as shown on Plates IV-1 to IV-5 accormanying Appendix IV of this
report, The dan will be of the rolled-earth erbanknent type, top
elevation 723, with an over-all length of approxinately 4,400 feet
and a naximun height of 108 foet, containing approxinately 1,371,000
cubic yards of earth and rock fill and will be constructed across
the Beards Brook Valley. The spillwasy with a crest length of u50
feet at olevation 705 will be constructed on bedrock across the
Worth Branch Valley, Normal flow in Beards Brook will pass through
the outlet works which will be constructed in the approxinate loca-
tion of the existing Beards Brook gtrean bed., Normal soillage
from the powor pool of the Jackman Rescrvolr on the North Branch
will pass through an ungatod outlet, U4 x 6', in the spillway
scetion, Flood flows on the North Branch in excess of the ungated
outlet capacity will pass through a diversion channel into the
Beoards Brook Reservoir, The diversion channcl oxcavated through
a low ridge on the upstream side of the enbanknent, will gorve also
as a spillway approach channgl for the spillway design f£lood fron
the reservoir, The outlet works include a reinforced concrete
intake structurc, 3 hydranlically-operated sluice gates, a single
conduit 8' square, and 2 stilling basin with gravity type guide
walls, all of which are founded on glacial $ill, 4 rolled-carth
dike will be constructod on the wost bank of the diversion channel
and the north bank of the North Branch to protect the existing
wood stave pipe, 7' x 6" in dianeter, oxtending from the Jacknan
Reservolr to tho surge tank downstrean from the proposed dam, The
existing highwey from Hillsboro Lower Village to the town of Hills-
boro, crossing the site of the proposed dan at Station 9 } 00 will
be shifted and raised to clovation 723 and will cross the diver-
sion channol on a sirple steel girder dbridge, supported on rcinforcod
concrote plors, Ro-routing of the hizhway is considerod scononically
unfeonsible.s The seolected spiliway site on the North Branch is con-
sidered the most suitadle location due to the presonco of bedrock
at o dopth of approximately 10 feoct, Tho nmajor portion of the
spillway approach and discharge channel is cut through rock which
falls away rapldly and necossitates tho uso of a concreto training
wall for summort. of the wost ond of the earth dam, The carth dan
location takos advantage of the topography in that the high ground
on oither side of the Beards Brook Valley reduces the volune in the
earth fill erbanknent to a mirimum, A study of the "Record of
Exploration Plans", Plates II.4 and IIK, will indicate the im-

. pervious foundatlon condition throughout at a depth of approximately

15 feot at the valley botton and 5 to 8 feet on the abutnents,

-5 -



c. Desgription of Roservolr Arvenis Approximately 623

. acres of tho proposed roservoir arca aro covered with a mixpd growth
of hard and soft wooda, Tho more accessible aress along Beards
Brook Reoad have been cut over in rocent years and tho better stands
of wood zrowth remalning aro situanted along the ouber ecdgos of the
proposed reservolr wheore the slopes nake foresy oporations loss
profitable, The rosorvoir aree, oxcopt in the valley bottom, will
not be clearod of tirber, and 1t is expested that thoe goneral
appoarance after constructlon of the dam will bo about tho sanc as
at prosont. Thoe greater part of tho open land in tho rescrvoir oron,
approxinately 119 acres, is located in theo north central portion,
but rost of the fiolds have been producing 1ittlo nere thar o hay
crop for a period of years.

There arce eloven sets of buildings in the ontire roscrvolr aros.
Tho nost inportant units, consisting of villagzo residonces and sub-
sistonce honesteads are the seven properties nlong Statc Route Yo,
9, located within the construction arca of the proposod dam, diver~
sion channel and highway bridge npproanches, The remaining four
buildings within the reservoeir aren consist of two nmodoratoly priced
surmer homes, a subsistence horestead and a vacant farm,

The Pudlic Service Corpany of Wew Hampshire has built tho
Jacknan Hydroelectrie Power Developnent on the North Branch of tho
Contoocook Rivor, This U000 KW, installation includes n wood stavo
plpo line 7-1/2 feet in diameter, oxtending from the Jackman Dan
2500 feet above the Beards Brook dan to the surge tank downstroan,
Tho section of pipe line.erossing the proposed dam and diversion
channel, will be roplaced by a stcol pipe line, 778 fcet long,
encased in concrete, which will be placod underground as illustrated
on Plate IV-g8,

A wator pipe line for thoe town of Hillsboro water supply systom
passes through a seetion of tho proposed rescrvoir along Bible Hill
Road with lowest elovation 6#5. Rolocation of this water nain is
not proposod since the reserveoir normally will be orpty.

4. Design Floods.

(1) Resorvoir Dosign Flood.~ The two largest floods
of record on Beards Brook, occurring in Mereh 1936 and Septonbor
1938, were utilized as reservoir design floods. The larger of these,
the Mnrch 1936 flood, had an estinated peak dischargo of 10,200 c.f.s,
anl an estinnted 16~daJ volume of about 93,000 acre~fect, equ1valent
to obout 144 inchos of run~off over the watershed. Tho Septerber
1938 flood had a peak discharge of 10,000 ¢,f.9, and an estimated
8-day volumo of 48,300 acrewfeet, equivalent to 7.7 inches of run-off
over the wwtershed.




{2) Spiliwsy Desizn Flood.~ Tho storm used for the
spillway dosign flood cormpriscs the corputed maxirm possibdle rain-.
fall over the 120 squarc-mile drainage aron, or 18.4 inches of -
rainfell in 24 hours with 15,3 inches occurring in 6 hours,. This
storn was considered to be contered over tho Beards Brook section
of the drainage arca., Tho computed maximun possidle rainfall for
this 56 square-mile sectlon was 19,6 inchos in 24 hours.. The ro-
sidudl rainfall, distributed over the 64 square-milo North Branch
drainage area, anmounted to a total of 17.3 inches in 24 hours..
Run-off on both the North Branch scotion and the Beards Brook:
soction was cormputed by noans of synthetic unit graphs assuning
an infiltration rato of 0,05 inches por hour and a basc flow of
B c.fets por squarc mile of drainage arcns Tho rosulting spillway
dosign flood for the Beards Brook scction had a peak inflow of
57,000 cofes. and o volume of 18.6 inches. The corresponding
figuros for the North Branch showed 23,900 c.f.s. ponk inflow and
a voluric of 16,4 inches. The combined spillway design hydrograph
had a peak of 66,500 c.fss. and a volune of 17.4 inches over the
total drainage area. The maxinun spillway discharge when routed
through the resorvoir is 62,500 c.f.8s with o naximun pool clova~
tion of 716,0 in the North Branch scetion ef the rescrvoir, and
717.2 in the Beards Brook sections It is assumod that during o
flood of tho proportion of the spillway deosign floods the Jdack-
nman dan will be over-topped and fail, Assuming this occurs, the
penk spillway discharge at Beards Brook will be 79,300 c.f.s,.
with o resulting pool clevation in the North Branch section of
the reservoir of 717.9,ond 718.% in the Boards Brook scction,

}

c. Mgthod of Oucration.~ Thoe reserveir will be oporated
prinarily to rogulato the flood discharges of Beards Brook so as
to provido naxinum bYenefits at downstream danage centers. The
basic. operation will be similar to that of a simnple retarding basin,
gate operation being resorted to in order to doecrease the time of
erptying the rescrvoir,

. £, Reserwir Capacity.~ The original selectod capacity
of the reservoir was 38,000 acre~fcet with spillway crest at eleva~
tion 703,as rocommended by tho Board of Engincers for Rivers and
Harbors., This capecity was based on arcaw-capacity curves computed
fron intcrpolations made fron U, 5, Geological Survey plans with
20-foot contour intervals, A new arca~capacity curve, corpubed
from o 5~foot contour interval survoy nade in 1944 by aerial survey
nethods indicated that the reservolr capncity was 33,000 acrc-feet
at tho original selected spillway crest clevation 703, & detniled
topographic survey of Hillsboro lower Village disclozed that the
liniting spillway crest elovation can be raised to elevation 705 without
flood .damage to the Village, increasing the reservoir capacity to
35,000 . sre~feot, This capocity has beon sclected for the project
plan and provides the highest ratio of benefits to costs although
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the estimated cost is approximately $700,000 more than the cost
estimated by the Board of Engincors,

ge Alternative DLayouts.~ The gito of the proposcd dan
was scleeted initially to bake advontage of the physieal and. topo-
praphical foaturcs of the valley. ZResults of the cxplorations and

‘studies nado of the foundation arca showed that the =oil. charactor=

isties and foundation werc suitable for construction of an oarth
enbankmont type dams The altornative layouts were made at the
scloctod cite bagel on ceonomic studice of the relative costs and
benefits of constructing the proposed roserveir with or without
inercasing the spillway capacity of the existing Jackman dan, and
of constructing tho Beards Brook dan to control only the run—off

‘fron Beards Brooks In the cvent of the occurrence of the spill-

way design flood on the North Branch, the Jackmon dan would be
over=topped and would fail duo to the limited capocity of that
spillvay, Failure of tho danm would result in a maxinun wator sur-
face at Boards Brook don 1.9 foot highor than would occur if the
flood were routod through the Jackran Reservoir, using an enlarged
splliway capacity to clirdnatc the possibility of over~topping,
The assuned design conditions for the alternative layouts and

the rosults of the analyses arc as follows:

(1) Alternate &.~ Boards Broock den and spillway
constructed across Boards Brook and the North Branch, with spill~
way crost elevation 705 and top of dan clovation 723, as described
in this report and assuning failure of Jacknan dam, Altérnate "AM
wag sclected finally as tho most cconomical layout,

{2) Alternate B,~ Beards Brook dam located as
descrihod for Condition Ay Tho Jackman apillway capacity onlargod
to dischargo the spillway design flood without over~topping the dam,
This condition perrits loworing the proposod dam 1.0 feet, -

(3) Alternate O, Boards Brook dan constructed to
control only the Boards Brook run~off with a drainage area of 56
square nilos; the spillwoy crest cstablished at olevation 685 and
discharging into the North Branch, Altorations to tho Jacknan danm
have not beoen assumed since the Boards Brook dam would not be
affocted by failuro of the Jackman dam under this condition,



Alternate B t Alternate ©

't Altornato A
=Eaazﬂs_Erﬂnk_ﬁLé&ujﬁL}hxuuﬂLEkmzda_ﬁrnnk
* Without Ex- ! With Exten- *
! tension of ¢ sion of :
! Jacknan i Jagknan : Only
P Spillway ¢ Bpillway ¢
Yot Drainage Area in Square = & : :
Miles : 3. 120 120 56
- Spillvay Crost El ovasi on s 705 ¢ 705 3 68
Pop of Dan Elevation ; 723 ¢ 722 ¢ " 70
Roservoir Ares in Acros 3 g10 ¢ glo ¢ 680
Storage Capacity in Acre-~foot ° 35,000 ¢ 35,000 ¢ 20,400
Btorage Capacity in Inches of  ° : :
Drainage Area f 55 Bab ¢ 6.8
Bstimated Cost (Including Over- | f f
head and Contingencics): . . :
Regervoir Costs : . % oul,ooo $ ouh,000 ($ 97,000
Reservoir Clearing . 16,000 , 16,000 16,000
Construction Costs . 2,920,000 . 2,870,000 . 2,430,000
Jackman Dan - Txtonsion of . . .
Spillway : . - . 300,000 -
Total Bstinated Cost : $3,1so,,000 +$3,430,000  $2,543,000
‘__—____ 4 »
Gost per Acrc Foot of Total : ‘e :
 Storage o : § . 90,86 98,00 *$ 124,66
Annual Carrying Charg P+ 1ke,593%, ¢ 155,000, ¢ 11%,000.
Annual Flood Control Benof g ¢ ot :
" Ratio of Annual Bonefits tit : 114,000 ¥ 11k, 000, . 18,00
Annunl Carrying Changos : <80 N .68

5. . Btructures and Improverientse-

2, . Znbankient.~ The embankmont section of the dan is
designed as an earth fill soction consisting of a compacted iriper- .
vious core backed with compaected random fill and flanked with a
shell of compacted pervious fill as indicated in tho scections on
Plate IV~3, . The upstrean and downstrean slopes are protected by
durped rock blankots.. The carth section has a top width of 25 feet
at elevation T23%: an average upstroan slope of 1 on 2,53 an aversge
dovnstrean slope of 1 on 2,253 'a naxirun height of 108 feet and a
total length of approxinately 4,U00 feet, . The impervicus core
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cut-off eﬁten&s into the underlying glacial till oxcept for a
short distance adjacent to the splllway whoro it extends to
bedrock as indicated on Plate IV-&. , . :

b, Outlet Works,- The outlet works consist of con-
trolled and uncontroiled outlots, The discharge of Beards Brook
is regulated by the controlled outlot works which include an in~
take structurc, roinforced concretc conduit and stilling basin
founded on till, The intake structure is of reinforced concrete
and conbains two outlets 3'-0" x 7'-0", and ono outlet 4'-0" x
710", each of which is equipped with a hydraulically operated
sluico gato. The hydraulieally operated sluicoe gates were solected
beecause of the lower cost of installation and the simplicity of
operation ond naintenance as analyzed in Appendix IV, Accoess is
gained to tho equipnent room of the gate houso from tho top of
the dan cnbanknont by a2 structural stool access bridge.. The gate
chantber outlets converge into an 8-foobt square reinforced concretc
condui’ which passes through tho ombankment and discharges into
the stilling basin. .The stilling basin is composed of a rein-
forcod concrete mat, baffles, and ond 511l with gravity type
robaining walls, all of which aro founded on a blanket of sand and
gravel laid on the till foundation, The approach and discharge
channols are ecarth cuts with riprapped side slopes and riprapped
bottons innmediately upstrean of tho intako structurc and down-
strean from the ond sill of the stilling basin, The discharge of
the Horth Bronch is uncontrolled and passes through the ungated
roctancular outlot 6'-0" x Y'-0" in the gravity spillway structurc,.

c. Spillway.~ The spillway is located at the westorly
end of tho ombanlkment and spans thoe North Bronch Valloy. The .
s8pillway is a gravity type concretc ogee scotion and contains the
ungatod outlet for passing the normal discharge from the North
Branch, The erest length at elovation 705 is 4RO feet, The
approach channcl is approximately 15C feot in length, and hes a
width of Y50 feet ot the spillway and increases in width until it
Joins tho diveorsion channel, The approach channel is entirely
in rock cut and a pilot channel is provided to train the normal
flow of the Forth Branch to the ungated outlet, The floor of tho
approach channol slopes away from tho spillway to natural ground
surface in order to provide propor drainage. Tho discharge channel
at the spillway is o3 clevation A95 and slopes gradually to the
present ground surface. The dischargo channol has a total width
of 450 feet which gradually converges to a width of 340 foot in a
Llongth of approximatoly 40O feeb, Sectlons of the channel not in
rock cut arc protected by ripraps. Tho normel discharge of the
Yorth Branch flows in a pilot channol which erpties into the natural

‘stream bed downstrean from the smillway,.  The spillway training

wall on the north side is a gravity type concrete section,.and on
the south side is a natural rock cut formed by excavation of the

channecl, .
P



d. Dike.~ 4n earth £111 dike, composed of compacted
selected £11l with a blanket of dumped rock on the upstream face,
is located on the westerly side of the diversion channel and the
north bank of the North Branch, Thig dike is provided %o protect
the existing wood stave pipe line whigh supplies water from Jack-
man Reservoir to an existing surge tank located at the confluence
of the North Branch and Beards Brook,

, 8. Diversion Canal and Diversion Channel.~ A diversion
conal is nrov1ded upsirean from the spillway to divert flood waters
of the Morth Branch into Beards Brook Reservoir, When the flood
waters reach spillway crest elevabion 705, the function of the
diversion canal is reverged and it guides the impounded reservoir
water through the canal and diversion channel to the spillway whers
it is discharged into the North Branch,

The diversion canal, having a trapezoidal cross»section with
a bottom width of 90 feet, is approximately 1, 100 feet long with
the invert varying from elevation 6589 near the splllway to eleva~
tion 686 at the control weir, (See Plate IV-2,) The side slopes
and bottom of the canal have hand-placed riprap, A control weir,
with crest elevation 69C and length of 110 feet is provided at the
end of the canal to control the velacity of flow in the canal and
eliminate scouring and erosion, The dlscharge over the control
welr will be dissipated in a dumped rock paved area before flow-
ing overland to the reserveir pool,

The diversion channel, with a minimum bottom width of 300
feet, is superimposed on the diversion canal. It is large enough
to pass the spillway design flood with a velocity of approximately
& feet per second,

A new steel girder highway bridge,constructed on concrete
piers, spans the diversion channel,

£, Operator's Quarters.~ It is proposed to construct
a wood frame house with finlsghed interior to serve as an office
and as living quarters for the operator of the dam, This house is
to be locabed in the area between the highway and the dike west-
erly of the diversion canal,

6. Foundationse-

a. Results of explorations and studies indicate that a
satlsfactory foundation for the embankment and appurtenant struc-—
tures exists at the seclected gite. Freovious to glaciation, the
drainage channel of the Beards Brook area was a bedrock valley cone
sisting of granite porphyry with many schist inclusions, During
"~ the period of glaciation, denosits of compact sandy and silty till



covered the bedrock and existing gravel and sand, Within the
original valley there now exists two streams: Beards Brook,
located almost directly above the original valley bottom, and
the North Branch of the Contoocook River, located high on the
west wall, DBedrock is exposed only at the location proposed for
the spillway of the dam where the North Branch has eroded the
overburdern,

b, The existing soils consist of gravelly sands and .
glacial till. The sands ocecur principally in a shallow surface
layer resulting from weathering of the till or from posit-glacial
-~ depositions A local deposit of sand, probably of pre~glacial
" origin, was encountered between the $ill and hedrock in the
‘bottom of the bedrock valley, The principal soil body is com-
pact sandy and silty till of low permeability and high shearing
strength, }

c. A summary of the foundation investigations and
analyses is presented in Appendix II of this report.

7o Hydroelectric Power.~ The Board of Engincers for

Rivers and Harbors,in Oth Indorsement, dated & November 1943,
subject: "Reservoir Plans for the Contoocook Basin, New Hampshire",

recommended consideration of Beards Brook site in the interests
~ of flood control and for storage for stream regulation at some
future time, DHResults of studies conducted to this end are pre-
gsented in Appendix V and indicate that such multiple-~purpose
development of the site is not oconomieally justified, .

8, HRolocations.~ The construction of the reservoir will
necessitate raising short lengths of two roads, the improvement
of an existing cemetery access road, the construction of two highe
way bridges, and the raising or relocation of 2 small number of
utilities,.

State Highway No. 9, a first class bituminous-surfaced high-
way, which connects the towns of Hillsboro and Hillsboro Lower
Village, passes through the site of the earth embankment and
diversion canal. It is proposed to span the diversion canal with
a new steel girder highway bridge and raise the approaches of the
existing road, o

That portion of the Antrim-Hillsboro Dower Village gravel.
surfaced road where it crosses the North Branch is subject to
inundation and the existing stone double-arch bridge is inadequate
in area for passing flood stage flows,. A new highway bridgs,
designed %o pass o flood of the 1936 magnitude, is proposed io
- replace the existing bridge, with the deck and adjacent approaches
ralsed above spillwoy crest elevation, as indicated on Plate V.-1,.
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Access bo the Bible Hill Cemetery, which is located upstream
from the east abutment of the dam, i8 gzained from either the Beards
Brook Road or Bible Hill Road at the present time, Access passage
to the cemetery via Boards Brook Road will be blocked by the dam,
Therefore, it is proposed to widen and surface the existing accesg
roadway from Bible Hill Road to provide access to the cemetery at
all times.. ‘

Raising State Highway No.. 9 and the Antrim-Hillsboro Lower
Village Road also requires the raising of the power and telephone
service lines adjacent to the roads,

A wood stave pipe line which supplies water from the Jackman
Reservolr to the surge fank located at the confluence of the North
Branch and Beards 3rook passes through the site of the proposed
diversion conal and earth embankment. It is proposed to lower
this pipe line below the diversion canal from the proposed diks
at the bank of the diversion channel %o a point approximately 200
feet downstream from the toe of the ombankment and replace the
existing wood pipe with a. steel-lined concrete conduit, as in-
dicated on Plates IV-2 and IV-8,

The proposed methods for accorplishing the relocations, in-
cluding the new construction involved, and the views of the owners,
are described in Appendix vIi,.

9, Availability of Construction Materials.-

2. All suitable materials removed from required structure
encavations at the site are scheduled for uge in the embankment,
It is proposed to use silty glacial till from a borrow area on the
east wall of the valley for the impervious core material,.. Gravelly
sand for pervious fill is avallable from o selection of borrow

sources within 1 to 2 miles upstrenm from the dam site, Rock for-

slope protection will be avallable from bedrock excavation at the
spillway site and from cobbles and houlders removed fron the ro-
quired earth excavations. .

b, Sumnaries of the materials available from excavation
with indicated disposition, and materials required for construc-
tion with. their proposed source,. are presented in the tabulations
given in paragraph ¢ of Appendiz II,

10.. . Construction Time Required and Schedule of Operations.-

24 Required Construction Time.~ The construction of the
dan and spillway is scheduled to be agcomplished by contract during
the summer months over a three-year poriod, dus to the severe winter-
weather in this areas.




b, Schedule of Opefations.u The schedule of construc-~
tion operations, based upon completion of the dam and appurtenant .
works in 3 years as illustrated on Plate IV-11l,.is as follows:

. Tirst Season.- Olear and strip the dam site, spill-
way and diversion channel areal construct the 7!'-6" diameter pipe
line and adjacent cofferdam; excavate diversion canal and portion
of diversion channel; construet portion of spillway to elevabion
'695; congtruct entire retaining wall and filled area north of
spillway discharge channel; construct conduit stilling basin and
walls, approach channel walls; construct intake structure to eleva~
tion 650; excavate portions of approach and discharge channel;
construct highway bridge and approaches for highway Route No, 93
construct embankment to elevation 705 from Sta. # 30 to Sta.

3H

Second Season.- Divert Beards Brook through the
conduit; construct cofferdams across Beards Brook; complete the
spillvay, spillway aporoach and discharge channels, dl version
chonnel and diversion canalj complete the intake structure and
dam cmbankment: construct dike along diversion channel,

Third Scagson.~ Construct access bridge to gate
house; finol grading and placing of topsoils construct operator's
quarters; raise Antrim Rond; construct new bridge and relocate
other facilities in the resorvoir aren. -

¢. Yundsg Required by Fiscal Yearg.—~ The funds required
during each of the three year construction periods, for the accom-
plishment of the project, inéluding land acquisition and relocations,
construction operations, and enginooring, contingoncies and overhead,
are estimatcd to Do as follows:

Pirst Yoar ‘ $ 1,300,000,
Sccond Year 1,600,000,
Third Yoar ' 280,000,

$ 3,180,000,

The estimatod funds requiremonts are basod upon the execution of all
construction by contract work, .excopt that the work scheduled %3¢ be

accomplished by the owneors. w111 be done on a relmburseable basis as

outlined in Appondix VI,

4, Preparation of Plans and Specifications.~ Prior to
proparation of final plans and spoclf1catlons, further explorations
of foundation and borrow materials are required, The ostimatod
cost of the additional oxplorations is approximately $ 8,000, It
is ostimatod that & period of six months will be requlred to
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prepare the contract pland and specifications, at an estimated
cost of $U40,000, K :

o. BEmployment Analysis.,— Based on the average factors
contained in the Bureau of Labor Statistics estimates as trans~
mitted by letter dated 17 January 1945 from the Chief of Bugineers
to the Division Engineer, New England Division, subject? "On-site
and offesite Dabor Estimates for Inclusion in Definite Project |
Reports?, it is estimated that the project reported herein will

 provide the following number of man hours of labor?

‘Qnesite Labor

Skilled 280,000 man hours
Unskilled 1,100,000 *
Other 120,000 "
Total 1,500,000 % M
Off-gite Labor 1,600,000 " M
Total Labor 3,100,000 * ¥

11, Clearance with Other Azencieg,~ In accordance with
Circular Lietter No, 2652, dated 1 January 1944, subjectt
"Quadripartite Agreement" and Cireular Letter Mo, 2306, dated
1 August 194k, sudject: "Fish and Wild Life Service Coopers-
tions", information and pertinent data on the construction of
the proposed Beards Brook Reservoir have been imparted to the
501l Conservation Service of the Department of Agriculture; the
Federal Power Commissiony and the Fish and Wild Life Service of
the Department of the Interior, The Directors of the several
state agencies responsible for the promotion of public recreat-—
ional facilities in the State of New Hampshire have been con-
sulted; namely, the State Planninz and Development Commission

" and the Forestry and Recreation Department, Regarding their

possible interest in the develovment of recdreational facilities
in the Beards Brook Reservoir, the directors of both agencies
exhibited a definite interest in the development of a recreat-
ional lake in accordance with deseription and plans shown on
Appendix VII, Contacts have also been made with the Fish and

. Wild Iife Service of the Department of the Interior and the

Fisgh and Game Department of the State of New Hampshire regard-
ing the interest of these agencies in the reservoir, FPlans and
cther information have been furnished at their request, and it
is understood that a complete investigation and study is belng
nade of the project by these services. In accordance with the
rovisions of the Flood Control Act approved 22 December 19uh
(Public Law 534-78th Congress - 2nd Session) and as this pro-
Ject in its entirety lies east of the ninety seventh meridian,
the Department of the Interior has not been consulted with ;
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refefence to natters of land reclamation, .

The Soils Conservation Service, Department of Agriculture,
has been informed of the proposed flood control program being
planned by the Boston District Office for cowordination of plan-
ning for soil conservation in the development of the projects.
The Department of Agriculture acknowledged receipt of the data
furnished and forwarded its "Report - Soil Erosion Conditions in
Ve Hampshire", for review, and wishes to be informed of any
hearings which may be held, Further action by the Department of
Agriculture has not been indicated to date, .

12, Operation and Maintenance.~ The operation and mainten—

"ance of the dam will be a Federal function, The operational

duties will conslst of operation of the gates during and after

flood periods, Maintenance will consist of upkesp of equipnent

in the operating house, malntenance of the operating house and
dam structure, including slopes, droins, and access road,. Removal
of debris at outlsts and policing of the reservoir area will be a
part of the maintenance duties of the operation and maintenance
personnel , ' )

The operation and malntenance functions at the Beards Brook
dam will be performed under the genekal aupervision of the Super-.
intendent assigned to the Bernington dam.located approximately
10 miltes south of the Beards Brook dam.. The permanent organiza—
tion at the dam will consist of one classified dem tender, CPC-6,
$2,166, who will Dbe provided with guarters at the site and one
unclassified laborer,

The operation and maintenance force will be under the super-.
vision of the Flood Control Branch of the Operations Division of
the Boston District, U. 5, Engineer Office. The organizational
structure of the operational and maintenance force is shown on
the following chart,. ‘ '
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District Engineer

Executive Officer

Uperations Division-

i .
Fﬂood Control Branch ]

— Resoervoir Maintenance |
' b~ Trasklin ¥alls |

Blaclorater

Beards Brook

Bennington

Weat Peterboro

... Mountain Brook

Contract Supervision

Surveys

The estimoted annual cost of maintenance and operation
is as followsa!

Item of Work : . Estimated Cost
Services of dam tender and laborer ' $ 4%,200,00
Power, lubrication and lubricants \ : 150,00
Heating operating structure ' ‘ 250,00
Clearing and removal of debris from

- BReservoir area 2,500,00
Landscaping, reseeding and mowing 1,000,00
Maintenance of access roads, surface |

drains and slopes - 1,000,400
Repairs and painting 700,00
Migcellaneous : . 500.00
District Office overhead 700,00
o Total 11,000,400



13, Malaria Control.- Action has been initiated to
‘determine the need and reguirements for malaria control in the
reservoir area in accordance with the instructions contained
in Circular Letter No, 3606, dated 9 March 1945, subject?
"Malaria Control at River and Harbor and Flood Control Reser-
voirs.” The subject has been discussed with representatives
of the U, 8, Public Health Service, and plans and pertinent
data relative to the reservoir have been forwarded to that
offices The ares has been inspected and studied by a
representative and an etymologist of the U,5, Public Health
Service in company with a representative of the Boston
District Office, It is the informal opinion of the U, S,
Pubiic Health Service that malaria control in the reservoir
area is a problem of only minor consideration. & formal
revort on the requlrements for malaria control resulting
from the study made has not been received to date., VWhen
the recommendations of the U, S, Public Health Service are
received, the information will be included in this reportd
as a supplementary appendix.

14, Oost Estimate.—

2+ Total Costze~ The estimated total costs, ine
cluding engineering, contingencies and overhead for the pro-
posed reservoir are based upon the estimated guantities
and. unit prices itemized in the following table. The
estimated costs of lands and damages are based upen an
appraisal made in September 1945 by the Boston District
Real Estate Suboffice, in conjunction with representatives
of this office and are an equitable evaluation of the items
involved. '

DETAILED ESTIMATE OF COST

I, RESERVOIR COSES | Total Cogt

Land and. Improvements for Reservoir Yo
Work and Borrow areas incl, rinarian rights);.$120,000.
© Highway, Telephone and Power Line relocations 73,000,

Sub-total - Reservolr CogtSeseseesscsssssscrccs $193,000.
contingenCieS (15%)00 BB e EsratItNBRRBIOTPE M

$221, 950,
Government EXP@HSGS (lq?‘l’) 7")0 sss0s0s 00 r s 22,050,
TOTAL RESERVOLR COSTS #alil, 000,
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II, CONSTRUCTION COSTS

_ Quantity Unit Unit Price Total Cost
Removnl of existing '

structures - 5,8, - $ 2,000.
Stream Diversion and ‘

Pumping - 1,5, - 20,000,
Clearing and grubbing 60 Acres $300,00 18,000,
Stripping - garth 137,000 G-Y’ ;50 68,500'
Stripping - rock _

boulders 8,000 C.Y, 3.00 . 24,000,
Excavation - earth 2l3, 000 C.Y, .50 121,500,
Excavation ~ rock ‘

boulders 17,000 .  C.Y, 3,00 51,000,
Bxcavation - rock

ledge 75,000 C,Y,. 2.50 187,500.
Bérrow, Pervious 640,000 C,Y, 50 320,000,
Borrow, Impervious 450,000 C.Y, «55 217,500,
Bandom f11l from : :

borrow area 120,000 C,Y, +55 66,000,

~ Rolled fill-Pervious 460,000 c.Y,. W12 55,200,

Rolled £ill~

Impervious 290,000 C.Y. W15 43,500,
Rolled Fill -Random 280,000 C,Y. .12 33,600,
Rolled P111 ~ Semi~- ' - .

compached ' 40,000 c,Y, ,10 - 4,000,.
Structure backfill 10,000 .Y, .60 6,000,
Selected Gravel 115,000 C,Y,. 1.50 172,500,
Screened Gravel 2,000 C.Y,

2,00 4,000,
Dumped Riprap (Trans- :
portation and placing
only) 185,000 .Y, .60 111,000,
Hand placed Riprap
Transportation and

placing only) 1%,000 C.¥s - 3,00 42,000,
Derrick Stone _ 1,000 Cc.Y. 500 5000,
Topsoil and orgenic

subsoil 10,000 C.Y« =~ 2,50 25,000,
Concrete Gate Structure _

and Conduit 3,000 C,X, 20,00 60,000,.
Concrete Intaks Wallg '

and S+tilling Basin 4,000 c,Y, 15,00 60,000,
Concrete Spillway and

Retaining Wall "~ 7,800 C.Y. 15,00 117,000,
Conerete Diversion Canal

Opillway and Walls = 1,800 C.T.. - 16,00 28,800,
Concrete around 7V-6% o _

steel pipe 2,600 .Y, 15.00 39,000,
Concrete for Bridge

Piers . 2;600 O;Yr 18¢00 MG,SQO‘
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II, CONSTRUCTION COSTS (Continued)
Quantity Unit Unit Price Total Cost
Reinforcing Steel 1,500,000 Lbs, .~ ,06 - § 90,000,
Steel lining for 71-6"
Diam, Pipe 1/4" thi cle-
778 long 200,000 1bs. L 28,000,
Gates, holsts and
mechanical equipment L,S, . 38,500,
Gate House Superstructure L,S,. 10,000,
Access Bridge to Gate House L.9,. 9,000,
Highway Bridge across . ‘
Diversion Channel L,S,. 100,000, .
Dralnage 1.8, - 6,0000
Bituminous surface treat—
ment - 11,000  S.Y.. 35 3,850,
Bituminous concrete paves - ,
ment .L""l/gﬂ 500 SoYo"‘ 080 )'I'OOo
Bituminons concrete pave~
ment 3% - 5,600 8,7, 1.50 8,400: . .
Operator's Quarters , LS, . 8,000,
Miscellaneous ltems LS, SM.BSO
Sub-~total — Construction Costs ' $2,336,000,
Engineering, Inspection, Overhead and
Contingencies {25 584,000,
TOTAL CONSTRUCTION CUSTS $2,920,000, .
III, CLEARING- COSTS
Ros " 12,500,
Sosstrots, Ohooring, (oefy 5500,
TOTAL GLEARI NG COSTS ' $16,000,
IV, SOMMARY : .
Reservoir Costs 2lk,000.
Construction Costs $2,920,000,
Clearine Cogts 16,000,
TOTAL ESTIMATED COST $3,180,000.

v, UNIT STORAGE COST: 3,280,000 =

35,000

20
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" be Carrying Charges,~ The total annual carrying
" charges for tle reservoir, based upon interest on the in~
vestment, on amortization of structures and equipment, and
on operation and maintenance, is $142,593, as summarized
the following table, T

ANNUAL COSTS AND CARRYING CHARGES
" FPEDERAL INVESTMENT

Total First Cogt?

in

a. Structures and Improvements with B0 year Iifq_g.u$-3,055,000

.g. Eq_u.’lpmen‘b with 25 year lifess sese .‘o.._olo ss0ssnesece

125,000

Lo Totaleese tessaresrsssnnn sess o'?_- teoee -.ol_o.-ao ---0_"_00$ 3’180!000

Interest During Constructiont
(3%wfor one-half construction perio&)

. 2+ On structures and Improvements with 50 year life

:Q_. Ol’l equijpment with 25 rear lifetrg_o.ooooc_t_o'ciooo‘.nc

Total Investment!

8. Structures and Improvements with 50 year life.,.
.1)_.', Equipment with 25 year lifei'o_qo'o‘cthfot'_o...ofgt'oo_‘o_oo

L ,To'bal Fed'ex_'al_Investment-éé-.'.i"o:ou-'f..9..._,.,.,..

ANNUAL FEDERAL CARRYING CHARGES

Interest on Investment @ 3%.0.";1\ """".l-'j-"-'.l"-'-'r'.-.-'r. e

Amorsizationt
2« Structures gnd Improvements with 50 year 1life

0,88 t‘.o..oooollole".‘iﬂli‘!o'ooaQoo'ooooi!.“_.

’ Dbe Bquipment with 25 year life '('207)43%)..-0'00.0‘.." e

Operati on @_nd Ma,iritenance va'se'g'e's’d 'ii't.o.o o o" . u'o‘;' ' O.. X
To'bal} Annua,l Federal Garrying Gharge“. .....0.0_;_0.0"-,‘0:': 0_0:0

Congtruction Period ~ 3 years

_-&21-—

137,475
5,625

$3,192,475

_130,62R
3,323,100
$ 99,693

28,317
3,583

ll,OOO

$142,593



15, Economic Study.- The proposed reservoir will in-
crease the total benefits accruing to the comprehensivé flood
control system for the Merrimack River., The ratioc of Annual
Benefits to Annuel Carrying Charges for the system as a whole
is 1.3l as shown in the accompanying table,_"Summary of Benefits
and Costs"

The annual benefits attributable to Beards Brook Reservoir
have been evaluated by computing its proportion of the discharge
reduction of the Mareh 1936 flood at the downstream reaches
which would be afforded by the comprehensive reservoir systems
The ratio of the wroporiional Beards Brook reduction to the
sunmation of all volume reductions for reservoirs in the comw
prehensive gystem was used to determine the amount of the total
annual benefits attribultable to Beards Brook Reservoir for each
damage center. The proportional annual bemefits compubed by
the above method are $11k 000 or a ratio of anrmal benefiits to
annual carrying charges of .80.

Lho summation of benofmts and costs for all projects

included in the present comprehensive plan for flood control
of the Merrimack River is presented in the following table:
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SUMMARY OF BENEFITS AND COSTS

Construction Gosts-

as Beards Brook. Reservolf.......;;.;.;;.;....‘.. $_3,180i000
T, Other Flood Control Reservoirs (X)¢ceeeessess 15,117,000

0. Local Protection PI‘OJeCtS (H)..Otldcotv.tit. 1y 60'250
. Total Construction Gosts........ 19,657,250

Annual- Carrying Chargest . , .

B Beards Brook Reservolr..n..............u.-. 1)4'2’593
b Other Flood Control Reservoirs (X)eesessseee 698,536
co Liocal Protection Projects (Xx).essesescsmsvss 66,600

Total Annual Carrying CharzesSeesess $ 907,729 -

%, Total Annual Benefitg!
Based on comprehensive flood control program,
including reservoirs and local protectzon..... $ 1 +183,000
4,  Ratio of Benefits to Carrying Chareest
Ratio of total Annual Benefits to Annual .
Ga'rrylng Chafrgesu-oﬂoqn.ooooocooaooo.oooouoo 1.31
(x) Includes completed resarvoirs at Franklin
Falls and Blackwater and proposed
reservoirs at Weat Peterboro, Mountaln
Brook and Bennington,
Cost ‘ Annual Charges
Franklin Falls $ 7,8 883,000~00mpleted $ 372,000
Blackwater 1,280,000-Completed 65,000
West Peterbore .39# 000~Bs bimated 60,518
Mountain Brock F60,000~Bstimated 24,000

Bonnington ‘ 4,000,000~-Bstimated 1 0Lg
e g__x_ﬂ“L_Jl §“ILL__-
15,117,000 698:536

(xx) Includes completed local protection project at
Lowell and proposed nrojects at North Andover
and Lawrence, Mass,, and Nashua, New Hampshire, -

Cost Annual Charses
Lowell, Mass. $ 1490,600-Completed % 28,300
North Andover, Mass, 323 ,400-Bstimated 3,880
Lawrence, Mass, 329,250—Estimated 180

Nashua, New Hampshire 217,000-Bs timat ed 10,240

$ 1,360,250 $ 66 4600
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16, A Discu551on of Fsctors Related to the Congideration
of the Reservoir.—

e Selpction of Reservoir,- This reservoir, together
with the pfoposed Bennington Reservoir, constitutes a substitube
for the previously proposed larger Hopkinton-Everett Reservoir
for control of floods on the Contoocook River, This substitu~
tion was.rescommandad by the Board of Engineers for Rivers and
Harbors upon prior recommerndation of a special board of consult-
ing engineers appointed to investigate the relative merits of
the Department's plan and the plan proposed by the Federal Power
Commission for control of floods arising on the Contoocook River.

~bs Cost of Reservoir.~ A mumber of circumstances
have arisen to increase the cost of the Beards Brook Reservoir
from a figure of $2,610,000 as reported by this office to the
board of consulting engineers, to the present estimated cost
of $3,180 000. Chief among these factors are thoe following:

(1) 1%t has been necessary to raise the spill-
way and dam 2 feet to obtain a satisfactory amount of storage,
(35 000 acre feet), detailed surveys indicating less storage
in the area than originally determined from U«S.G.Ss mapse

(2) More severec hydrological recquirements cone
sisting of higher rainfall values for tae spillway design flood
furnished subscquently by the Chief of Engineers.and the neces-
sity of assuming the failure of the Jackmsn Dam, have resulted
in increasing the height of the dam an additional foot and
lengthening the spillwey from 340 feet to UB0O feet.

(3) A sharp rise has occurred in comstruction
coasts from those vrevailing nrior to the war,

cs Economics of Reservoir.,-~ The resulting present
econonic ratio of this reservoir is 0,8; this ratic is obtained
by using annueal charges based on the current estimated cost,
and annual benefits based on damage figures of the 193¢ and
1938 floods without adjustment to rFeflect the rise in prices
during the war periocd, It is believed probable that these
higher labor and price lovels will prevail for an exiended
period, which, if true, would counstitute justification for
increasing the flcod benefits and at the same time; the eco-
nomic ratio of the Beards Brook Reservoir, The overall eco-
nomic ratio of the comprchensive plan for flood control in the
Merrimgck Basin is l.31l.

‘--2)-[-‘.‘-.



de Approval 3o Acquire Land,~ Definite action by
the State of New Hampshire has not been taken relative to re-
quest by the Department for approval fto acquire land for the
Beards Brook and Bennington Reservoirs.  Hearings in the lo~
calities of the reservoir sites were held by the Water Resources
Board of the State in the month of Augusts Opposition by local
residents was expressed ab these hearings and letters of a
similar nature were submitted to - the Resources Board subsequent
to the hearings. At a conference of the New England Governors
held in Hartford, Connecticut, on 23 October 1945, the neces—
sity for further reservoir coatrol cn the Connecticut and
Merrimsck Rivers was stressed by the Governors of the States
bordering the downgtream reaches of these #ivers, and it was
agreed by the several Governors that an Interstate Flood Con~-
trol Committee would be formed to work on such problems as’
compensation by interstate action to affected localitios for
loss of taxes resulting from land takings in reservoir areas.
It is expected that the action taken at this conference will
result in a further study by the State of New Hampshire of the
roquost for approval to acquire lands '

e QOther Reservoir Studies.~ This office is under-
taklng ot this time a thorough review of possible reservolr
sites, particularly on tributary rivers of the Merrimack oute
gide of the Contoocook Basin, This study will be incorporated
in the pending report on Power Navigaiion and Flood Control in
the Merrimack Basin which will be forwsrded on 1 May 19u46,

Thig office will confer at an early date with the Water Resources
Board of the State of New Hampshire to obtain their suggestions
on flood control siteg acceptable to the State, This investi~
gation may serve to present onc or more suitable and economic
reservoir sites which can be proposed to supplement the lack

of sufficient control resulting from the substitution of the
Bennington and Beards Brook Reservoirs for the larger Hopkinton-
Everett Reservoir, It may possidly disclose an acceptable re-
servoir located on some river other than the Contoocook which
would afford protection equlvalent te the Beards Brook Hegervoir
and at the same time would be subject to comstruction at a lower
cost,

17. Recommendatione- In view of the factors discussed
in the preceding paragraph, 1t is recommended that suthoriza-
tion for the construction of the Beards Brook Reservoir for
the control of floods arising on Beards Brook and the North
Branch be deferred, definite favorable action on this project
to be contingent upon the following«

- 25



as That the State of New Hampshire approves the
Department's request for permission to acquire the necessary
land for this resorveoir, and

be That further studies now being initiated do not
disclosc other potential reservoirs egually suitable to the
Beards Brook Reservoir which could be constructed at a lower
cost,

C. To HUHT
Colonel, Corps of Engineers
District Engineer

- 26 -
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DEFINITE PROJECT REPORT
BEARDS BROOK RESERVOIR
AFPENDIX 1

HYDROLOGY

2. Introduction.~ The hydrological investigaticns, data and
results of studies reported in the appendix are the basis for the
hydraulic design of the Beards Brook Reservoir. The analyses in-
clude the determination of the normal discharge, the spillway
capacity and crest elevation, storage requirements, the,reservoir
design flood, the plan of operation, the required height of coffer-
dam durlng construotlon and the flood stage frequenoles in the
reservoir,

The investigations to determine the spillway capacity and sur-
charge storage requirements were made in accordance with the pro=
cedure outlined in Engineer Bulletin R&H Nos 9, 1938, The method
invelves an estimnte of the meximum possible flood on the basis of
available information on rainfall intensities, infiltration losses,
and run-off characteristics of the drainage basin. The run-off
studies consist largely of extrapolations from short records, guided
by rational analyses, and the derivation of unit-hydrographs by the
method developed by Franklin F, Snyder and published in the Transe
actions of the American Geophysical Union, Part I, 1938, pp 447-454.
The computed spillway flocd hydrographs were derived from the unit-
hydrographs and the maximum possible precipitation values and are
used for determining the spiliway requirements. The two largest
fleods of record on the North Branch and Beards Brook were utilized
as reservoir design floods.

Results of the investigations indicete that the spillway with
crest elevation 705 should have a capacity of 79,300 o.f.s,; that.
the top elevation of the dam should be 723 l.S.L. to provide for the
spillwey design flood plus the discharge from the assumed failure of
an upstream dam, and freeboard requirements; end that the storage
ecapaoity of 35,000 acre-feet afforded by the proposed dam and
spillway, w111 provide effective control of all floods uwp to and
equel in megnitude to the greatest flood of record.

be History of Floodse= Records of great floods on Beards
Brook are incomplete. Rocords are available far the North Branch
of the Contoocook near Antrim (Dreinage 4res = 54,8 squere miles)
from August 1924 to the present time. During this period of record
two ndtable floods ocourred, namely the March 1936 flood and the
September 1938 hurricane and flood. Hydrographs of both of these
floods have been reconstructed from available date and are shown
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on Flates I-~24 and I-25, The observed hydrograph for the March
1936 flecod at the U«dS.GeS. gage on the Horth Branech of the Con=
toccook River near Antrim, New Hampshire had a peak discharge of
4680 cef 48+ ond the September 1938 hydrograph had a peak dis-
charge of 3850 c.fv6, These values were increased in proportion
to drainage area to obtain the flow at the dam site. The con-
current hydrographs for the Beards Brook section were constructed
from run~off and volume studies and peak discharge records for ad-
Jacent stations which resulted in an estimated pesk discherge of
8300 c.fss. for the 1936 flood, and 6C00 c.f.s for the 1938 flood,
When these component hydrographs were added together, the total
hydrograph et the dam site for the March 1936 flood had o peak
digcharge of 10,200 ¢.f.s5. and the September 1938 flood hod a
peok discharge of 10,000 c.f.s.

c. Watershed.- (1) Description of Basin,- The Beards
Brook Dam site is located about 1-1/2 miles upstresm from the con-
fluence of the North Branch snd the Contoocook River. The pro-
posed reservoir has a tributary drainage area of 120 square miles
divided into two distinct sections, namely the North Branoh of the
Contoocook and the Beards Brook Branch (See Plate A~3). The North.
Branch section consists of o long, narrow, crescent-shaped drain-
age area of 64 square miles, controlled by Highland Loke and Jack-
man Reservoir which serve as storage basins for the Jackman Hydro=.
Electric Development of the New Hempshire Public Service Company.
The land is hilly and covered with dense secondary growth. Beards
Brook seetion is a fan shaped area of 56 square miles, and is
drained by Beords, Shedd and Woodward Brooks. .The land is hilly
and covered with secondary growbh. Elevations in the basin range
from 620 to 2480 M.S.L.

(2) Natural Storagee.~ There is considerable natural
storage on the North Branch section of the drainage basine. This
storage is distributed among Half Moon Pond, Philbroock Pond, High-
land Loke, Island Pond, Robb Reservoir, and Jackmen Reservoir. It
is to be noted. on Platc A=-3 that a natural storage valley extends
nearly 10 miles from the northern end of Highland lake southerly to
Robb Reservoir and Rye Pond with a difference in elevation of only
256 feet., There is not sufficient survey data available to evaluate
with any accuracy the total volume of this storage, but it is large
for the size of the drainage srea, The only appreciable storage
on the Beards Brook section is in Loon Pond, Island Pond and Con-
tention Pond, and it is relatively small in comparison with the
size of the drainage area.

(3) Stream Characteristies,~ The North Branch section of
the drainage area produces o slow irregular run-off, because of the
large amount of natural ond regulated storage. The regulated draw-
down affects the shape and pesk timing of the hydrograph at the
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proposed dam sites The long crescent shaped draxnage area tends +0
produce & slow sluggish hydrograph and this effect is ‘attenuated by
storage regulation for the Jackman Hydro-Electric Development down-
stream, The Beards Brook portion of the drainage area is drained by
a three-branch stream the upper reaches of which have steep slopes
characteristic of mountain streams. The little natural storage
available on this stream is located at headwater tributeries and is
ineffective in reducing the peaking of the natural hydrographs.

The fan shaped drainage basin is conducive to a flashy run~off but
the relative timing of the Beards Brook and Shedd Brook run-offs
determines the width and magnitude of the peak., The stream slopes
and areal distribution are shown on Plate I-3.

d. HMeteorological and Stream Flow Data.- (1) Climete.- A
goneral summery of the climate prevailing over the Contoocook River
watershed can be best described by reference to Page 5, Chapter 1
of Hydrometeorological Report No, 1 "Meximum Possible Precipitation

Ompompancosue Basin", which states:

"The entire region is so situated geographically that
it receives a meximum frequency of visitation of cyclonic storm '
activity through the entire year, in fact, this aree eventuzlly comes
under the influence of the majority of cyclonic disturbences which
affect the United States. MNo seasonable variation in precipitation
is important, annual rainfall being evenly distributed throughout
the months. In general, short period rainfall intensities are great-
est in late spring and summer and excessive rains of longer dura-
tions occur in late summer and early fall. The extremes of average
amnusl precipitution in New England range from 35 inches in northern
Vermont and New Hampshire, with the exception of Mt. Washington where
it is considerably higher dus to orographic effects in the White
Mountains, to 47 inches in southwestern Connecticut and 48 inches
on the central ooast to Maine,  Excessive 24-hour emounts during
winter months, December to March, of more than three inches are
rare, but simmer rainfall excesses are more freguent because of
high intensities experienced in thunderstorms. A very even digtrim
bution of thunderstorm occurrence makes all parts of the region
liable to high short~period rainfall intensities during the summer

months,

- "Since great accumulations of snow may oceur and

since the types of cyclonic disturbances which visit this region

mey result in rapid melting, snow is an extremely important factor
in flood production. At Boston, Massachusetts, the average annual
snowfell is 43.8 inches, with extremes of 96.4 inches during the
winter of 1873-74 and 10 inches during the winter of 1875-76, The
average seasomal snowfall at first order Weather Bureau stations
ranges from 50.4 inches at Albany, New York, 60.4 inches at Portland,
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Maine, and 73,0 inches at Concord, Newlampshire, to 38,6 inches at
Wew Hawven, Connecticut, amd 32,4 inches at Providenece, Rhode Island,.
The greatest average seasonal snowfall from any reporting station
is 168,3 inches at Pittsburgh,Now: Hampshire." '

(2) Precipitetion Records.~ Precipitation records are
available at two stations: Jaokman Power Plamt, Hillsboro, New
Hampshire, and Bradford, New Hampshire. The Jackman gage has been
a recording gage since 19539 and is considered the best obtainable
source of data. Records from adjacent localities were analyzed and
used for wverifying storm data for run-off studies. Inasmuch as
the Jackman Stotion is within the basin and has a Thiessen's weight-
ing of 75% of the total, it was decided to use this station alone
in computing rainfall run-off studies for the basin, except for
the snalysis of the September 1938 storm. For generol information,

.Table I lists selected rainfall stations showing normal monthly
and average anmual precipitation. In addition, the normal monthly
and average temperatures for these stations, where avsilable,are
listed in Table II. A complete table of comparative data and ex-
tremes covering the climatology of the U. 8., Weather Bureau of
Concord, New Hampshire, is listed in Table III to supplement the
information contained in Tables I and II.




TABLE I.  PRECIPITATION - INCH:S

Station Titzwilliam Franklin Keene Manchester Nashua  Newport
Years of zl years 39 years 49 years 66 years 57 years 12 years
Kecord AVerage Aversge Average AVerage. AVeTrage Averange
' ' Monthly donthly Monthly Monthly Monthly Monthly
Tanuary 3,21 . 3.03 2.89 3.29 3,43 3,26
Tehrusry 2.6 2.70 2.6¢8 2.96 3,32 2.26
Harch 3.63 3.33 3.21 5,61 3.70 3.65
April 3471 3.53 3.09 3v19 3.32 377
Yay 3.30 3.19 3.11 3.10 3.00 3.01
June 4.3€ 3,73 3.23 3.20 3.13 3.53
July Lol 3.77 3.80 347 3.38 3.6
August 3.97 34T 3.86 3.39 3.53 3037
September 415 3.99 3,60 3.38 7,42 3.76
October 3.20 2.88 2,76 3.02 3.00 2.57
Hovember 3.88 3.25 3.03 3.33 3.25 3.01
" Docember 3.13 3.05 2.9 3.25 3,34 2.76
AVETALE .
Annual bz, 42 39,92 28.2h 39.15 3) 78,71
TARIE II. TENPERATURYE - FAHRENHEIT
Station Franklin Keene anchester Washua
"Years of LG years 48 years 12 years 15 years
Record : Average Average Average Average
‘Monthly Wonthly Monthly Monthly
Jormal Hormal Wormal Hormal
January 15.9 21.1 24,1 2.2
Tebruary 20.0 21.2 23.9 okl
March 30.9 - 32.0 32,9 33.3
April 2.9 43,7 43,6 bz,
May 55.1 55.3 56.4 56.3
June £3.9 63.6 65.8 65.2
July 69.5 68.8 70.3 70.2
Auguss 65.6 66.& 68.8 6%.2
September SR 59, 60.5 60.8
October IV 43.6 45.0 bg.8
Novembe r 35.G ) 36.7 38.9 39,1
Decemhor 23.9 4.8 274 27 .3
Annual :
Normal W7 45,1 46,4 46.9
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TABLE III.
CLIMATOLOGICATL DATA FTROM OBSERVATIONS AT
U. S. WEATEER BUREAU, CONCORD, N. H.
TEVPERATURE ‘ ~ PRECIPITATION UNMELTED SYOWFALL
. IN INCHES IF INCAZES
_ Extremes o :

_ : Mean  Mean  Mean Highest TLowest  Monthly CGreatest = Monthly Greatest
¥Month  Kax. Min. Monthly Mean in 24 hrs. Mean in 2l nrs.
Length ' ‘
of Record
Years 7h 7h 74 T4 T4 g1 T4 T4 42
Jan. 29.2 8.9 19.0 72 -35 2.97 2.10 17.6 13.¢
Feb. 3.0 9.6 20.3 % ~37 2.65 2.06 17.3 15.0
liar. 38.4  19.8 29.1 - 82 -16 3.15 2.59 11.9 12.9
ApT. 52.5  30.6 41.6 g2 7 S 2.96 2.37 4.6 15.3
May &%.8 Lp.g k2.9 98 22 3.07 3.05 0.1 2.5
June 73.5 H9.9 61,7 101 32 . 3.23 447 T T
July 79.0 55.9 67.4 102 38 3.70 5.11 G ¢
Aug. 76.4 546 65, 9¢ 3% 3.50 3.32 0 0
Sept.  65.0 H7.1  58.0 o6 20 3.43 5.97 T T
Set. 58.5 37.1 47.8 - g2 16 3.26 3,45 0.1 1.0
Wov. bhe 264 3B &0 -17 3.29 L, Ok R 13.3
Dec. 32.5 15.2 24 £5 -2l 2.92 2.u3 11.5 9.5
Year 54.2 33,0 43,6 102 -37 38.18 5.97 6%.9 19.0
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(3) Stream Flow Data.~ The U, S. Geclogical Survey maine
tained a gaging stotion on North Pranch of the Contoogook River
from 1924 to present, which has a drainage area of 54.8 squore miles.
The maximum peek discharge during this perliod was 4680 cefs8s, ro~
corded during the March 1936 floods, Peak discharge vel ues determined
by the U. S. Geological Survey for a Bristol goge recorder on Beards
Brook near the mouth, from December 1943 to the present show &
maximum discharge of 3300 cefes. on 24 June 1544,

Dischorge records for other drainage areas nearby or adjacent
were studied to obtain runwoff characteristics., Records for the
following stations were used in this study.

‘ Mex imum
Neme Drainoge Discharge Date . Length
of Station Aroa, cefes./ of of
Basin Stream ILocabion SqeMi. SqeMi. Record Record
Merrimack Contoo- East Flood Ob-
cook Re dJaffrey 36.l1 g9 Sept, 1938 servebions
Merrimack Nubanu-~ W, Peter- ‘
‘sit boro 45,2 92 . Sept, 1938 Flood Ob~-
Brook servation*
Merrimack N.Branch Antrim 54,8 85 Mor, 1936 21 years
Contoow .
cook R,
Merrimack Warner Bradford 19,7 120  Sept. 1938 Flood Ob=
River : servation*
Comnes~  SoBr. . Webb 36,0 165 Sept; 1938 25 years'
ticut Ashuelot
River !
" Connec- Ctter ‘Keene ‘
ticut Brook 42.3 145 Sept. 1938 22 years

* Observations available only for September 1938 flood.

A hydrograph for the period 1924 to 1942 has been constructed
for gemeral information, and is shown on Plates I-4 and I-5. - This
hydrograph is plotted directly from U, 5. Geological Survey records
for the Nerth Branch of Contoocook River at the station mentioned
above., '

The following taeble illustrates the magnitude of the discharge
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from the daily average to the spillway design flood. All figures
quoted are far the U.S.G.8. Gaging Station on the North Branch
at Anbrim (Dreinage ares 54,8 sq.mi.) with the exception of the
spillway design flood which is the computed flow at the dam site
(Drainage eres 64 sq.mi.)e

Average flow 115 cufus,
Average anmial flood 1,650 cofese
Flood of November 1927 2,100 cufess
Flood of March 1938 4,680 cafass
Flood of Sept. 1938 3,880 o.f.s.
Spillway Design Flood

(Reservoir Inflow) 23,900 cefys.

¢+ Determination of Spillway Capacity.- (1) General Criteria;-
The spillway cepacity for Beards Brook is determined by procedures
sét up in Engineer Bulletin R&H No,. 9, 1938, The spillway design
flood is based on the highest possible rainfall and very high run-
off faotors and is assumed to occur when all outlets are inoperative
and the reservoir is filled to spillway lip. All storage affect-
ing the spillway design flood is surcharge storage based on these
assumptions. The elevation of the top of the dam is determined by
adding a minimum freeboard of § feet to the maximum water surface
elevation in the reservoir produced by the spillway design flood
modified by Jackmen Reservoir failure, The analytical investiga-
tions made for the selection of the spillway design flood and
" spillway capacity are described in the succeeding paragraphs.

(2) Maximum Storm Studies.~ The summer-fall storm as
determined from previous studies produces the maximum flood condi-
tion om this size drainege area. Detailed analyses were made of
the summer-fall limiting storm conditions %o be expected over the
wotershed, The reinfall intensity curve for summer~fall condi-
tions shown on Flate I-14 is based on the maximum possible rainfall
for the Contoocook River Basin as determined by the Hydro-meteoros
logical Section of the U. S. Weather Bureau. The flood~producing
storm is of 24-hour duration with & total reinfall of 18,38 inches.
The spillway design flood for the Beards Brock Reservoir is oom-
puted in two separate sections due to the difference in the rum-
off characteristics of the North Branch section and Beards.Brook
section of the drainage area and it was necessary to construct two
concurrent ineremental pluviographs which combined represent the
maximum storm conditlons over the total dralnage area. The rainfall
over the total erea was determined to be 18,38 inches from the
rainfall curves shwon on Plate I-14. Using en infiltration factor
of 0,05"/hour determined from previous rainfall run-off studies as
a reasonable value for extreme flood conditions, the total run-off
wes determined to be 56,150 d.s.f. The storm was then centered over
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the Beards Brook section of the drainsge area as it has the most
ropid run-~off characteristics ond the greatest effect on the
spillwoy fldods, The rainfoll distribution for 56 square miles

woag inteérpolated from thé .curves of Plote I~14 at 19,58 inches.
Allowing for infiltration ot the rate of 0.05"/hour, the total run~

off over the Beards Brook section was determined to be 28,012

doy~scé~ft, The difference in volume between the total for 120
square miles ond the incremental run-off wascomputed to be the
run-off volume of the North Branch section. This run-off. wos
digtributed in proportion to the Beords Brook run-off.

‘ (3) Unit Hydrogriphse~ (&) North Branch.- It was
necessary to compute unit hydrographs for both the North Branch
section and the Beards Brook section of the totol drainsge area.
Sufficient reliable stream goging dota is available from the '
UeSeGeS. station on the North Bronch near Antrim (54,8 sq.amia) to
provide a basis for unit groph determination on the North Branch
seection. The automatie recording rain gage station at the Jackman
Hydro-Electric Plant of the New Hompshire Public Service Company
in Hillsboro is practically in the basgin, and since its Thiesson's
weighting is spproximately 76% of the total, unit hydrogreph studies
wore based on this stotion clone. The Spptember 1938 and the June
1944 storms were analyzed for unit graphs and the results shown on
Plates Nos I~6, I-7, I=8, and I-9., The greater of these unit graphs
(the Sept, 1938) was adjusted for drainage arca correction, and
formed the basis for unit hydrogroph Nos 1. (Plate I-12), The
other two computed graphs were peaked and the peak lag shortened
to obtain unit grophs believed more representative of what could
be expocted during rains of the extreme severity of the spillway
design floods These adjusted graphs are olso shown on Plate No.
-I"'}.a.

(b) Beards Brook.~ Less data is aveileble for unit
graph studles on the Beards Brook section but for the last two
years a pressurs-recording gage has been maintained on Beards Brook
about 50 feet above its confluence with the North Branch. Because
of mechenical difficulties with this type of gage and the uncertainty
of the adequacy of the con®rol, a reliable rating ourve has never,
been made for this stotion. A tentative rating curve has been
est&blished by the U.5.6.5. based on two current meter measurements
and one slope area determinotion. A unit graph was computed using
the gage data for the. hydrograph of September 1944 ond i3 shown
on Plotes I-10 and I-11., The Jockman reinfall station wos used os
in the cose. of the North Bronch studies, Inosmuch as this unit
groph is only applicoble to storms of moderate rainfall its use wes
discounted in the construetion of the computed spillway floods. Three
unit graphs Were oconstrucked by assumlng peak velues and pF&k 1&E ,
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TABLE L

GOM?UTAD UNLIY HYDROGRAPE COEFT IGI RTS
: : : Date : Ixcess : : : H H & & : H H
: i E of ‘Rainfall: Flood: C..ﬂ.»..[ g ! A LR AN 16400 =
: Location 3 Tributary : D.A, 3 Storm : Inches : Peak Sq. Mi,: P : L. : Ca ; P4 T, : by pr
:Lincoln Pemigewassets 10M :dJune 1942 1 57 3,580:' N :56.1#12,8;-7.0; 6,1} 33 2.0 11.59: 342 ©
g 2 i : 10M :June 1SM2 1 57 r 3,580: UM :67.3:10208: 7.0% 5.6 1: 5.0 :l.422 378 &
iWoodstock 2 " {193 :June 1GM2 : 1,00 :10,900: 36,5 :64.2117.2:11.0% 7.9: 1: 7.9 11,641 508 :
g 3 ' : 193 :June 19M2 1 1,00 :10,900: 56,5 :59.5:17.2:11,03 8408 33 2.7 13,662 k76 :
'Plynouth : " 1 622 tdune 1942 & 1.78 325,500 41,0 :24.1:38,1.:15.7:15 3 3: 5.0 12,21: 362 3
tFrank,Falle: " 1,000 :Fov, 1927 : 3.Mh 369,000t 69.0 220,0:03.6:32.0:19 : 5: 3.2 :1.93: 380 ;
; L " 41,000 :Sept, 1938: 4,19 157,300: 57.3 2:17,6:63.6:32.0:28 : 63 4,7 :2,8%: 433
;ﬂéntworth ¢ Bakers @ 58,8 iJune 1942 & 3.74 311,800: 201 - :57.9:12.4: 6,63 7 i 1: 7.0 1.87: 405 2
: L 2 t : 58,6 :June 19M2 ¢ 3.7h :11,800: 201 :55.1i12.b: 6,63 7 & 31 2,3 11,873 385 3
shumney 3 L :143,0 June 19M2 ¢ 3,15 :21,100: 150 :51.8:19.83 €.8: 6,53 13 6,5 11.381 337 :
: " : " :1&3;0 :June 1942 ¢ 3,15 :21,400: 150 3Hg.0: 11983 8081 Ta2: 32 2,4 21,53: 318 :
:Keene 10tter Brook i %1.4 :Sept. 1938z 5,00 36,1307 14 37 1 10 0 6.3 6. %‘3: 232 11.88: 241 :
tWebd is 5.3, Ashuelobs 35,6 -Sepn. 193g: 5.00 : 5,960: 163 hl 9 7. 2- 3.9: 6.5: 31 2,2 12,39 273 1
Benminzton :Contoocook } 136 Sep,. 19383 7.%0 515,hoo~ g2.8 112, 2 25 :1323:27 319 3%.70% 329 :
E " : o ‘2 186 idune 194K 1 2,38 i 5,100@ 271 210.3:25 -:113.8:27 2 3t 9 :h,T0: 278 2
2 MInflow) 3 "t 180 :Sept. 1938: T.4O 218,000: 96,9 316.1:15.4: T.7313 i 33,533,108 209 3
iBlackwater ‘Blackwater E 128,-Sept. 19}8: Mook s 6,880: 5348 -16 6: 21 33 15 ':27 '; 6; k5 ;ﬁ}7g} Wig
lintein i3, Comtooe.: i.8iSete 19361 5.95 3,850t 0.2 :13.3: 6.1 1u0e5.5t 5 7.8 497z 314
P S : 5h.o.June 1okl ¢ 2,27 1 1,300: 23.7 ¢ 9.5 16.1.11 11 h6.5: 3:15 5.30.01: k2 1
jhlllsboro ;Beards Brook: &Y% ‘Sept 1oua: 1,03 ¢ 21,2005 18.8 }22.} 10, 9 6.1‘15 '- 3 5 3,251 269 :
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TARLE 5
CO¥TOOCOOK RIVER BASTY
COMPARISON OF SWYDER'S UKIT GRAPH COEFFICIEFTS FOR RUSERVOIR SPILLWAY STUDIES

: T G

LT N

olto ©
P

: T : : Q _ B s
H : 2 : P 3 - P : . b : &
: * ¢ Unit Unit  Unit: Unit Unit Unit: Unit Unit Unit: Unit Unit Unit:
:  RESERVOIR s Lo Lc tGraph  Graph  GraphiGraph Graph GraphiGraph Graph Graph:Graph Graph Graph:
: : “q # F#3 o3 7l #2 #3 1 #1 4 #3 2 #1 #2 #3 2

sMountain Brook R T o T . . oL . . , =R
(DA = 14 S.E.) 5 Bl 3.85:80 FL10 150 :: 5.0 £ W5 4,0:2,0  41.8 - 1i6 f UO0 496 . 598 :
i;Beards Brook P H o o : _ 1 ‘ - e
Lo(Da = 56 S\H.)  110.9: 65130 50 - £ 70.: 8. 7 £6. 32,27 - 1,95 f1.71: 2ho 3y AP0y
“West Peterboro : H - T S , : 3 . :
1(DA = b S.) 315000 S.20iTH.E 4 50.8 - 69481 TJM £ 6.3 5,5:1.87  A1.6 1.4z os6 320 3850 3
:Bennington. = @ [ § R : ‘ Bk o :
:(DA = 168 S.M.) :15.4: 7.70:16.1  f e8.2 35:6:13 {11 9 13,10 42,62 2.1l 209 4256 320 :
* :Horth Branch ' : 3 :

23

3
i

(DA = Bl 8,H.) _;21.5;1&.55;13.3 20 {25 18 #15 shdio 3.36 fa;sQ§ B 30 - £3T :

.;Bl':ickwater : - : : : : B :
(DA = 12§ S.M.) 121,3:15,0 :16.6% 27¢3 :27* 16 '::h.ys* 2.83: Whg*x 436 :

Tabulation arranged in order of magnitude of Léa
*Based on 1938% Flood :
# Adopted for Spillway Design Flood



values based on computed coefficients for other locatiocns in
the Merrimack River basin. (Table 4.) A separate study wus
made of the relative timing of the North Branch and Beards
Brook hydrograph peaks for all storms on which data were
available, This study indicated that ths peak lag (time
interval betwesn the center of gravity of the pluviograph
and the peak of the hydrograph) was approximastely 17 hours
for Beards Brook and approximately 45 hours for the North
Branch., The comparison of the unit graphs adopted for com~
pubing the spillway floods on Beards Brook is shovm on Plate
I~13,

(¢) Results of Unit Hydrograph Studies.- Table
4 contains a summary of the cosfficlents for unit hydrographs
derived from a study of flood hydrogravhs for wvarious gage
sites in the Merrimack River Basin and adjoining tributaries.
An explanation of the meaning and derivation of these co-
officients is conbained in the article, "Synthetic Unit Graphs",
by F. F. Snyder, in the "Transactions of the Geophysical Union'
for 1938, The floods studied are all comparatively recent in
order to take advantsge of the records of new stream-gaging
stations and recording rainfall stations. The drainage areas
for the floods analyzed vary considerably in run~off and topo-
graphic characteristics as may be noted by the wide divergsnce
in the value of the coefficients.

(d) Comparison of Unit Hydrograph Coefficients. .
Table 5 tabulates the pertinent uni% hydrograph data used for
deriving the spillway floods for all of the reservoirs in the
CGontcocook River Basin. The values are somewhat higher than
those shown on Table 4 derived {rom storms and floods of
record but the values are more applicable for the high rates
of rainfall used in the splllway floods. The wide divergence
in the unit graph coefficients betwsen the North Branch and
Beards Brook is due primsrily to the differences in the drain-
age basin characteristics, and secondly to the fact that the
run-off data on the Horth Branch for the past 20 years
substantiates the sluggish nature of this drainage basin,’
The lack of data on Beards Brook, and a study of the shape and
nature of the drainage basin makes it expedlent to assume the
higher conservatlve values.

(4) Routing Criteria fer Spillway Floodss~ The general
oritoria established for routing the Spiliway design flood
through the reservoir are as follows: At the beginning of the
selected spillway design flood the reservoir is filled to the
crest of the spillway (Elevation 705 M,S.L.) and all outlets,
gated and ungated are inoperative. Allowance is not made
initially for friction or head losses in the diversion channel
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that tend to make the water surface elevation in the Beards
Brook section of the reservoir slightly higher than the water
surface in the Worth Branch section, This is a conservative
method of routing as it takes no account of the incremental
storage in Beards Brook caused by. the head loss in the diversion
channel. Actually this ineremental storage would tend o
reduce the spillwey discharge. The reservoir outflow is com-
puted for/a free overfall ogee spillway using the weir formula
Q = CLH /% where "L* = 450 feet and values of "C" of an ogee
section-are used from 3.0 to 3.8 for the maximum head- (See
Plate III-5), A detailed analysis of the spillway is included
in Appendix IIT. Sinee the unit hydrograph is synthetie, it

is coensidered that 1t applies %o reserveir inflow, consequently
valley storage is neglected and the spillway floods are routed
through the reservolr using the gross storage above the spill-
way crest. A

. {5) Computed Spillwavy Floods.~ Plate 15 shows the
gix computed spillway floods derived from the maximum possible
precipitation of the summer-fall flood (See Par. C-2) combined
with the six empirical unit hydrographs shown on Plates I-12
end I-13. The three unit hydrographs, of different character-
istics on both sections of the drainage area, are used to
obtain a range in computed spillway floods, in order to
determine the effect on the design criteris of the spillway.
Unit hydrogrsph Ne. 1 is considered applicable to all periods
cof rainfall less than two inches in a three-hour period, unit
hydrograph No. 2 is used for rainfall excess values exceeding
two inches, and graph No. 3 is used for similar rainfall
excess pericds. Routing these three combined hydrographs
through the reservoir, with the spillway length of 450 fest,
results in maximum splllway surcharges thau vary betwsen 7.8
and 11,0 feet, (See summary and graph on Plate I-16). This
large difference in surcharge head indicates that with a
constant volume of infilow, the spillway discharge changes
materially with variation in the shape and intensity of the
hydrograph. To determine the effect of wvariations in volume,
the ordinates of hydrograph "A" were increased 25%, 50% and
1009, and the resulting hydrographs were routed through the
surcharge storage. The hydrographs -are not illustrated but
the effect of the increased volume is shown on Plgte I-16, by
the curve of maximum water surface elevation versus the
percent inerease in volume. There is no grest difference
betweon the curves of constant volume and increasing volums,
principally because the limited amount of surcharge storage
makes -the peak inflow the goveraing criterion. :
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(6} Spillway Desizn Flood.~ (a) Selection.- Hydrograph
"¢¥ is seslected as the spillway design flood after considera-
ticn of the various factors involved in the method of snalyzing
precipitation, run-off, and constructing flocod hydrographs,
their relative degree of accuracy, and their effect on the
spillway roquirements. . The individual and combined hydrographs
with the spillway discharge, reservoir stags elevation, and
pluviograph, are summarized on Plate I-17. Pertinent data
relative to the spillway desipgn flood are tabulated below.

Rainfall in inches in 24 hoursS.isecessecnssssees e 18.38
Rate of infiltration (inches per hour).s.eesss. 0,05
Run=-off in inches, North Branchiesseecssecesss..16,35
Run-off in inches, Beards Brook.sseesssesoesseslBa60
Run~off wvolume in d«s.f., North Branch,,...28,140
Run-off volume in d.s.f., Beards Brook,....28,010
Peak inflow in c¢.f.s., North Branchie......23,900
Psak inflow in c.f.s., Beards Brook,......457,000

i ~Peak inflow in ¢.f¢S., combinedsseessssess 66,500
Peak spillway discharge in ¢.fsSesersesses82,500

Maximum water surface (ft. above M,S.L.).. 716,0
Surchargs storage utilized, acre fest...,.. 10,100
Surcharge storags utilized, inches,....... 1.6

(v) Myers Coefficisnt.~ The Myers Coefficient
for the composite inflow peak of 66,50¢ ¢.f,s. used in the
oxpression § = (y/Drainage Area, is approximately 6060, The
comparable coefficients for %the incremental peaks is 2990 for
the North Brsanch and 7600 for Beards Brook. It should be
noted that the peak inflow and Myers coefficient for the Nerth
Branch 1s based on the assumed distribution of rainfall in
which the maximum intensities fall on the Beards Brook drain-
age area. Paragraph £ of this appendix shows the construction
of a hydrograph in which it is considered that the maximum
rainfall dntensities fall on the dralnage area of the North
Branch, This condition gives a peak flow on the North Branch
of 27,000 ¢.f.5, (Plate I-23) with a corresponding Myers
Cosfficient of 3380,

{e¢) Discussion.-. The selection of hydrograph
"C" as the Spillway Design Flood was predicated principally on
the relation of the maximum water surface elevation to the
peak inflow as plotted on Plate I~16. The results of routing
the spiliway floods indicate that the reservoir surcharge
- storage is so small that there 1s no appreciable reduction
in the peak flow, and the spillway discharge is nearly equal
to the reservoir inflow.  In view of the uncertainties in
constructing the unit hydrograph for Reards Brook and the
sensitivity of the reservoir in respect %o the limited
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surcharge storage it is believed advisable to select the
higher flood for design purposes. However, it should be noted
also that the meximum water surface elevation in the reservoir
from routing hydrograph "C" is only 1.3 feet higher than the
water surface obtained with hydrograph "B". The net result,
therefore, of adopting hydrograph "C" instead of "B" is an
increase of approximately one foot in the height of the dam.

(d) Valley Storage.~ The valley storage
obviously is negligible on the North Branch because of the
limited extent of that section of the reservoir. An estimate
of the valley storage on the Beards Brook section of the
reservoir has been made by beckwater computations. Because of
the limited area of the reservoir the storage during the spill-.
way design flood is only about 2000 acre-feet. Consequently,
88 the spillway floods are based on a theoreticel floodwpro-
ducing storm and synthetic unit hydrograph, the effect of
valley storage is neglectsd and the spillway flood is con-
sidered an inflow to the reservoir and the gross surcharge
storage 1s considered effective in the routing computations.

(e) Effest of Jackman Dem Failure.~ 1, Des-
eription of Jackman Dam.~ in the event of aflood of the pro-
portions of the Spillway Design Flood on the North Branch of
the Contoocook River the earth dam of the New Hampshire Public
Service Company at Jackmen Reservoir would be over-topped and

would fail. This dam is located on the North Branch about

1/2 mile above the proposed flood control dam site, The
spillway has a net length of 106 feet and is designed for a
moximum discharge of 10,200 c.f.s. with & 3-foot freeboard.
It is theoretically capable of discherging approximately-
15,000 c,fes, without wave ride-up.

, 2. Failure Analysis,~ Numerous studies
were made of the different Types and degrees of failure that
could ceceur and of the effect on the spillway regquirements
for Beards Brook. Results of these studies indicate that
the factors involved in the failure are of a very indeterminate
nature. It is impossible, (a) to predict how much over=topping
the dam could withstand safely, (b) to determine the location
of the weakest section of the dam, or (e¢) to compute the
length of time it would take to completely erode a gap in the
dam once feilure started. For the purpose of this analysis
8 section of the embankment fowr hundred feet in length ad-
jacent to the concrete overflow section was esteblished as
the section that would fail instantaneously down to the
original earth line, as soon as the dam was' overtopped, The
plan of failure is shown on Plate I-19. This is considered
to be the maximum breach that could oceur in the short time
the dam would be over-topped sinece if this section were
breached, it 'would quickly relieve the pressure on the rest
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of the dam.

S+ Hydrograph of Failure.- An approxlmate
storage capacity curve was constructed for the Jackman Reser-
voir and also a rating curve for the spillway with all flash-
boards washed out. A rating curve for the breached section
also was computed with ceritical flow conditions at the failed
section. These curves are shown on Plate I-20. The Spillway
Design Flood for the North Branch was then routed through
Jackman Reservoir with the failure occurring when the reservoir

‘stage reached the top of the dam, This analysis resulted in

an instantaneous maximum discharge from Jackman Reservoir
through the assumed breach of 80,000 c.f.s. with a total
drawdown of the Jackman pool of 4,400 acre feet, It is
impossible to draw down more than 4,400 acre feet of the
Jackman Pocl because of the nécessity of maintaining sufficient
head on the breached opening to maintain the combined dis-
charge of the Spillway Design Flood plus the storage depletion
discharge. Failure of the embankment was estimated to occur
when Jackman Spillway Discharge. reached 15,000 ¢.f.s5. The
hydrograph of the failure is graphically 111ustrated on Plate
I-20., However, in order to allow for any small discrepancies
in the relative peak timing of the Spillway Design Floods on
the North Branch Section to the Beards Brook Section, caused
by errors in the unit graphs, the hydrograph of. the dam failure
was gynchronized with the maximum reservoir stage attained in
the Beards Brook Reservoir during the routing of the Spillway
Design Flood. This hydrograph was then combined with the
Beards Brook Spillway Design Tlood inflow hydrograph and
routed through the total surcharge storage at the Beards

Brook Reservoir. The water surface reached a maximum stage
elevation of 717.9, or l.+9-feet higher than obtained by

the Spillway Design Floed. The combinsd floeod inflow was
127,000 c,.fis. and the maximum spiliway discharge was 789,300
¢efys. The combination routing is shown on Plate No. 21,

f+ Freeboard,-- The theoretical freeboard required for
wave height 1s computed by the methods prescribed in Engineer
Bulletin, R.&H. No. 9, 1938. The data used in these com-
putations are tabulated bolow,.

F = Petch in miles = 1.9
"V = Wind velocity, miles per hr. = 80
A # Angle of wind and fetch =0
D Z Depth of water in feet = 75

Using the formula of the Lorentz Zuderzee Commission of Holland,
the allowance for wind setup, S, 1s computed as follows:
v .
3 ;'.00125 "D cesp = 0.20 feet
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Using the Stevenson-Molitor formula the allowance for wave
height, H,,1s computed as follows:

h 2 0.274/VF ¥ 2.5 - 5/F = 5,45 feet

The allowance for ride~up of waves on the sloped surface of
the dam was taken as 1.4 times the total height of wave,3.43
feet as computed above,and equals 4.80 ft..The fresboard required
is the summation of wind set-up and wave ride-up and equals 5.0
feet, Since the computed freeboard is equal te the minimum’
value of 5 feet prescribed in Engineer Bulletin R.&H. ¥o. 9,
1938, this value is used for determining the elevation of the
top of dam.

g+ Determination of Top of Dam.~ The elevation of the top
of the dam embankment is determined by adding the required
fregboard to the maximum wabter surface elevation in khe Beards
Brook section of the reservoir at the time of the maximum
head on the spillway. Friction losses due to flow through the
canal from Beards Brook to the North Branch are computed to
be C.9 feet which is addeéd alsc to the maximum water sure
face elevation in the North Branch section during the spill~"
way design flood. The top elevation of the dam embankment
is determined by the following datas:

Eleovation, crest of spillwayesesssossonsasses 7000
Meximum head on spillway from spillway
design flood modified by failure of

JaCkman Damovdcocawoioo'lo-oou-o-o.,o‘.-oot 1209

Allowance for cansl 10SS6Sysessnsestvsasens Ca 9

Freeboard «.. ootoo.oq--s:-p:ogqo‘o.n;cocio\nif 5.0

: 723.8

Adopted elevation for top of damisscssvseeew 72340

It was decided to select the height of the dam to the nearest
lower foot inasmuch as it is considered improbable that all the
adverse criteria will occur concurrently and that it is there-
fore reascnable and justifiable to encrocach 0,8 of a foot on
the computed elevation. The criteria used for establishing the
height of the dam are summerized briefly and are as follows:.

1, Reservoir stage at spillway crest at
beginning of flood,

2é0 ALl outlets inoperative

3. Storm centered over Beards Brook drainagse
area to produce maximum flood.

4.. Jackman Dam to fail instantaneously and to
cecur concurrently with maximum reservoir
stage in the Beards Brook reservoir, -

5, Hurricane wind to ocecur during period of
maximum reservoir stage. -
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It is to bo noted that with this selected elevation the net
effoet of the failure of the Jackman Dam is oune additional.
foot on the height of the dam.

h. Canal Flow Studies,-Plates I-22 and I-23 show hydr o-
graphs of canal dischar;es for various flood condibions,
Plate I~22 indicates (1) the canal flow with the failure of
Jackman Dam ocourring concurrently with the maximum reservoir
stage, and (2) the canal flow during the spillway design
flood without fallure of Jackman Dams The canal flow during
the spillway desipgn flocd is cntirely in the dirsection from
the Boards Brook section of the reservoir toward the North
Branch section except for the brief surge caused by the
instantaneous fallure of the Jackman Dam., The maximum canal
flow in both cases is approximately 51,000 c.f.s, with an
average valocity of 7.4 feet per second, The meximum reverse
flow is approximately 17,400 c¢.f.s. Plate I-23 shows the
results of & speciml study to determine the conditions pro-
ducing the maximum velocities of flow in the canal, The flood
flows are based on spillway flood criteria, that is, the
storm is derived from the limiting rainfall curves (Plate I~1l4)
with the same unit hydrographs used in computing the spillway
design flood (Plate I~17), IHowever, in this analysis the
storm is centered over the Horth Branch drainage area, and
the reservoir is considered to be empty at the beginning of
the storm. This conbination of conditions creates the maximum
Tlood discharge on the North Branch occurring when the
reservelr stages are so low that flowr through the canal will
be unaffected by backwater, The hydrograph shows that the
meximum £ lew throush the diversion channcl from the North
Branch te Beards Brook is 10,000 ¢.f.s., after which the
Cdirection of flow revorses and the flow from Beards Brook
to the Horth Branch reaches a peak of 27,500 c.f.s. Plate
I-25 also shows the relation of the reservoir elovation in
the Beards Brook section with respect to the magnitude and
direction of flow in the cansl, It should be noted that the
nost adverse velocities in the channel will ocecur with the
wator flecwing from the North Branch to Beards Brook despite
the fact that the rate of flow is lower than the rate of
flow in the reverse direction. This feature results from
the comparative depths of flow, as the flow [rom the Horth
‘Branch will ocour at a Hims when the reserveir stage in the
Beards Brook section is too low to still the channel discharges,
Additional hydraulic diseussion relative to the channol flow
conditions is contained in Appendix IIT,

i. Reservoir Desipgn Floods- (1) Reservoir Capacity.-
Rosults of studies for flood .gomtrol reservoirs in this
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district indieate that, if possible, it is desirable to pro-
vide approximately 6 inches of storago to most aifectively
cortrol the maximum flood of record without exeseding the
dowrstream channsl aapacity. 3Six inches of storage at Beards
Rronk would reqguire 38,BCN acre feet with the spillway crest
at elevation 708.,5, The resulting cest of the dam at this
alevation would bs prohibitive and glevation 705 was selected
as spillway lip for economical rsasons, The unit cost per
acre foot inersases rapidly when the spillway lip is railsed
above elevation 705, 7This is the result of three saparate
factars, namely: the enercachmont on property valuations in
Hillsbrga Lower Village above the dam site, the necessity

for additional protection to tho Jackman hfdro—electric plants?
penstock, and the dispreporticnal increase in the coristruc-
tion cost ef the dom secilon, This slevation providos a
storage capacity for Beards Brook of 35,C00 acre feet or 5.5
incheos over the drainape basin. This capselty provides
effactive flood conbrel f£or all f£loods up te and ineluding

the hareh 1936 which was the Most severe flood »f record

from o reservolr operating standpeint.

slon indicatos that Lhe chanqvl caoa01tv of the Worth ?raﬂch
is avproximetely 2,500 o.f.s. in tho main streem below the
confiuence with Boardo Brool, Hewever, no rmaterial*-damage is
caured by overbank flows up to approximately 3,000 o.f,s.
Route 202 Highway Bridge can safely pass approximabely 3,500
c,fee. withouwt damapge to the *structure, .This was shown during
the freghet of June 1944 wihiich had a peak discharpge of 3300
c.f,s, measured at the Bristol Gage upstream. 4 discliarge
5,500 o,f.5. will not seriouely affect tho tailwater of
tho Jackmau Hydro-electric wlent. Howover, tn definitely

‘eliminate ower-bank fleow on the Conteocook Rivor in conjunc-

tion with the wperation of the proposed Bemningten Reservoir
it is planned ‘to 1imit tho total discharge from the reservoir

.l. J"!

flows hetveon 2500 and éCCC Cofas.

(3) Normal Operatiozm.- During periocds of normal
Flow, the spillage Irom the Jackman Reservoir- on the North
Bronch will bde dischargod Ghrough the 61 x 4! ungated nutlet
in the spillway. In thoe Beards Brocok conduit, it is proaposed
vo laave the 71 x 4t gate opan to discharge. tha normal flow
of" tho river, Ordinarily thero will be nc storage retainod
in sither secstion of the resorvoir, nor will thors be any
Plow in tho diversion canzl, '

*

) Operation During Mloods,~The size of outlets

and gates havo heon aosigncd Lo Bimplify rescervolr oporation,

e

It is propesed b loave onlv tho 7V x 44 rate opoen during the

~I-19~



poriod of a flood in addition to the spillway ungated outlete
Consequently, there will be no difference between the normal
operation and the coperation during a flood, and the reservoir
will function as & simple retarding basin with fixed outlets.
The only operation of the gates will occur after a flood in
order to expedite emptying the reservoir. The layout of the
structures and characteristics of the reserveir is conducive to
fixed outlet operation because in both the North Branch and
Beards Brook sections of the reservoir considerable head and
discharge capacity develops on the outlets without utilizing
reservolir storage., The discharge capacdity of the spillway
outlet is approximately 500 c¢.f.s5. with the water surface

at elevation 690, the crest elevation of the wsir in the
diversion canal., If the flood is of such magnitude to exceed
this rate of discharge, the surplus flood waters will be
diverted over the canal weir into the Beards Brook ssction of
the reservoir. The height of water in the reservoir is
dependent on the volume and rapidity of the storm run-off,

As the flood flow recedes on the Contoocock River following
the flood, the Beards Brook Reservoir will be emptied by in-
creasing and maintaining the discharge at the safe channel
capacity. The gates will be operated as indicated on Plate
I-264

(56) Effect on 1938 and 1938 Floods.~ The two maximum
floods of record, occurring in March 1936 and September 1938,
have been used as reservoir design floods to check the adequacy
of the storage, the design discharge, ths proposed method of
operation, and the probability of spillway discharges during
the operation scheme. These two floods are selected to illus-
trate the range in the reservoir's effectiveness; the 1938
being a prolonged three-storm flood with considerable wvolume,
and the 1938 a single peak flood caused by cne concentrated
storm producing practically the same pesk magnitude as the 1936
flood. The hydrographs of the two floods are based on comw
puted peak discharges f'or Beards Brook with the shape and volume
of the hydrographs determined from flood records on adjacent
and comparable rivers, and the observed hydrograph at ths
U.8.G.5. gage on the North Branch near Antrim, N.H. adjusted
for drainage area. The North Branch hydrographs, based on the
gaging-~station, are inflow hydrographs due to the location
of the gages The constructed hydrographs for Beards Brook
represent the reservoir inflow and consequently the composite
hydrographs were routed through the gross reservoir storage.
Plates I-24 and I-25 show the effect of the reservoir on the
1986 and 1938 floods utilizing the reservolr initially as a
simple retarding basin, gate operation being required only
during the period of receding stages in the reservoir, to
permit faster emptying of the reservoir, within the limits of
safe channel capacity. Only three 'steps in the gats operation
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are illustrated, but it is possiblc to have the same four
stops shown on Plate I-26, Data pertinent to these studies
are summarized as follows;, '

1936 Flood . 1538 Flood
Combined pesk inflow, Gef.s. 10,200 10,000
North Branch peak inflow,c.f.s. =~ 5,400" 4,400 .
Beards Brock peak inflow,c.f.s. 6,300 _ 6,000 .
Combined Discharge at maximum
reservoir stage c,fese 2,710" : 2,300

North Branch outliet Discharge
at maximum reservoir stage _ ' ‘
Cefes, K - 860 590
Beards Brook outlet Discharge
at maximum reservoir stage

cofis. 1,850 1,710,
Maximum Reservoir Stage 705.0 - 692,7
Flood Control Storage Af. Ft. 36,000 25,800

j. Time to Empty Reservoir.- Assuming the reservoir at
spillway erest, elevation 700,0 with a constant inflow of 5
e.f.s. per sq. mile, and a gate operation as shown on Plate
I-26 it will take about 10 days to completely empty the
reservoir. At the end of four days using sthedule & (one 71k4t’
gate open) 2.5 inches of storage, cquivalent to 45% of the
total storage is available, Three days later, using operating
schedule B (2 - 7! x 3! gates open) about 4.4 inches of
storage is available equivalent to 80% of the total capacity.:
The available storage at the end of seven days is considered:
adequate protection against a possible second flood. The
time and discharge relationship for- emptying the reservoir
are shown also on Plates I=-24 and I-25 for the March 1936
flood and the September 1938 flood.”

k, Cofferdam Design.- The construetion schedule requires
the building of the conduit through the earth section of the
-Beards Brook dam in the dry, offset from, and approximately
parallel to, the natural brook channel, During this phase of
construgtion, the natural channel will handle all anticipated
flows, After the conduit is constructed it is planned %o
cofferdam the natural stresm bed and divert the brook through
the conduit during construetion of the closure section of the
dam. All available flow records on Beards Brook were studied
in computing the height of ths cofferdam: 'The flood selected
as a criteria for the cofferdam design was that of June 25,
1944, resulting from a rainfall totalling over 5 inches in
30 hours. 'The flow on Beards Brook had a discharge peak of
3300 c.f.s. and an estimated net run-off of 2:;26" or 3400
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acre feotes Routing this hydrograph through the conduit, with
all gate passagses open resulted in a pool elevation of 644.4.
Due to the severity of the storm causing this flood, it was
decided to set yhe elevation of the top of the cofférdam at
645 without providing additional height for freeboard.

L. Stage Frequency Curve.- A study was
made to determine the probable reservoir stage. equelled
or exceeded in a designated number of years. Two distinet
steps were required; (1) to comstruct a natural discharge
volume frequency curve for the Beards Brook Reservoir site,
and (2) to construct a stage freguency curve for the reser=-
voir which is a direct result of the inflow volume. Availe-
able stream flow data for North Branch and Beards Brock,

‘roquired for the first step is limited to 20 years of record

on the North Branch near Antrim, New Hampshire, (Drainage
Area 54.8 square miles)} from August 1924 to present, and
practically no records for Beards Brook. Because of limited
essential stream flow data at the resservoir site it was

, necessary to utilize the records of an adjacent watershed

for comparison. Otter Brook near Kesne, New Hampshire,
{Drainage Area, 4l square miles) with records available from

"October 1923 up to the proesent time was selected for this

purpose. Comparison of the North Branch records with the
concurrent Otbter Brook records iundicates that differences

of congiderable megnitude frecuently occur in comparable one
dey volumes, however, comparable maximum two-day volumes

per sguare mile from the two drainage areas check wvery
closely, Consequently it was assumed that Beards Brook
(Drainage Ares 56 square miles) would have a comparable
two-day volume per square mile. It was also determined that
the reservoir stage is dependent principally on volume,

and that the type of hydrograph, that is a flash flood or

a long flat flood, has little influence on the reservoir
stage. It was,; therefore, concluded that stream flow
records "in North Branch and Otter Brook, modified for the -
Beards Brook leservoir drainage area could be utilized,

For these data a froquency curve of two~day volumes was

constructed using the formula, Y =NEB 5 in which
W=Uew, .

Y S the probability of oocurrence in years
M = the years of available records, and
¥ = the sumiation of occurrenzes

Several floods of computed frequency wers then routed
fthrough the reservoir to obtalin the maximum reservolr stage
with the prescribed method of gate operation, The results
of these computations are plotited graphically on Plate I-235.- .
Listed below are the anticipated pool elevations for floods
of the tabulated fraquency.
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Frequency

10
20
50
100
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Reservoir Pocl Elevation

644.0
65044
661.0
870.0
680.0
694.0
705.0
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JUN | JUL | AUG | SEP | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP | OCT | Nov ] DEc | JAN | FEB| MAR | APR | MAY | JUN | JUL { AUG | SEP | OCT | NOV | DEC
194} C f -
1600 942 600 1943 -
Note: ' - .
|-1300 CHS. Discharge figures indicated represent maximum instantaneous fiows for the
water yeoar: Other ordinafes represent mean da? discharges. '
1 \200 All data js obtained from U505 station near Anfrim N.H.
(Drainage arca =548 sq.miles) :
a laoo MERRIMACK VALLEY FLOOD CONTROL
BEARDS BROOK RESERVOIR
_ - HYDROGRAPH o
; OF NORTH BRANCH
400 L 19351942
B L
; : P
@ N o e ™ T T T T T gt T T P e S g | T T30 |
020 | 1020] 020 | 1020"] 1020 |- 1020 ] =20 | 020 | 20 ] w30 | w2 | weo ] wao | 020] w20 | w20 | 020 J1020 § 10201 1020 | 1020 | 1020 : - 1 : -
JAN FEB | MAR | APR | MAY | Jun | JuL | AuG | SEP | ocT | NOv | DEC | Jan FEB | MAR { APR | MAY AUG |- SEP | OCT | NOV | DEC Py i Sew vaern ¥..3 - :
- ) - § - CHARACTER . DATE P o - mY
- 1944 ' S - g ' REVIBIONE E T Chgdyd F R e FILE NO.MI6-12/31

p‘l:-Ai E F



 WAR DEPARTMENT coaps OF ENGINEERS. . S_ARMY

“Computed by EL.P.
oate 1 May 1995 UNKT pYDROGRAPH DETEE&!INA‘NON .
STREAM Horth: Branck . LOCATION < Near Antrim, ¥. H.
"DRAINAGE AREA 5487 -solsu. ,
STORM OF Septenber 1938 . PREPARED BY Boston . - - pist.New Eng. o .
AV. RAINFALL 9.611IN;; -~ RAINFALL-EXCESS5-35.uN;  Fhy, 0,061 IN/HR.-
L. 240 . mi, Lm 11.08 mi; (LL ca)®? 5335 © R 3 L hese
J.AG(T,,;;}E}.& s 204 bho qpn 133 }gg_«, /sq.mi; . C,640 3 o
LAG(temp) 38 hrs; wyg 48 s 28 - .hrs, SLOPE
. oesznvzo ADJUSTED e
" OBSERVED |ESTIMATED| STORM 3 HOUR |  HOUR- REPRODUC_ED
{ TIME |DISCHARGE {BASE FLOW! RUNOFF | UNIT. UNIT STORM
CF5 . C.F.8. C.F.S. : |HYDROGRAPH|HYDROGRAPH|HYDROGRAPH
: . e '-CF‘S'- ~C F. 5. C.FSs
3 . R ) ‘
b 125 -} . 100 25. 60 1T
9 160 ;. . 107 53 350 200
e e e
. ] 9 HOO. .. 1 375
[ 300 T 128 172 510 500
9 350 [ 136 21% 600 bSO .
20§ [ Bgo. {7 1b 258 Y5 g5 4|
D LY ) 226 720 975
b ﬁgg 156 43l 18 1156
.9 163 637 E’Q? \ 1275
M 1250 170 1080 113 1420
3 z_go 17 1773 b30 1
b 0 184 2466 595 - 1760
L9 | 3275 191 3084 5601 2000
21-F | 3520 198 3322 52K 2250
g ‘ 3%1:8 gtzg 3325 f:&o 2625
3 ] 2 3 2975
9 3150 219 "%15‘““1 _g?n 7. 3325
{ M | 3250 o 226 3024 380 - 3645
3 %Eg 213 3317, Q. 3950
) 240 2R 80 300 4050
9 | 3800 il au7. 3553 60 3950
22-H 3670 1 284 Fib 218 3200
g 3500 egl 3279 183 %usm
55;99 1 j032 155 20
9 70 ..215 795 10 - 3228
g gg_?g | gﬁ? 357§ lgg 3000
38 2825. i
o IR T TS - | 222k 36, 2625 1
9 2370 - - 303 2067 6! auph -t
1238 2200 __310 1850 B0 . 2250
31 2010 7 1693 : 2075
B 1850 324 1520 gg 1975 -
9L ﬁ__mmmw 1319 23 1900
R 1 %? 1lee. - 80 .. 1850
: 3.1 .130 1 35 1 - 955 18 1825
IR LT 352 788 T
79 Ta0es 369 | bbb
j24=X 920 <306 a5k Sl

TFILE NO.16-12/82  PLATE 16 *
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" WAR DEPARTMENT

: 'conps OF ENGINEERS«.U s. ARMY

Computed by E& : L .
Date 1 May 155 UNIT HYDROGRAP '.RMINATIOLN‘? - \'é_-:': S
STREAM: North Braneh SR LOE ge.;-_m;trm, RERE L E L
| " DRAINAGE AREA™: 54.8 " sa. s
_STORM OF June 1944 PREPARED BY Boston, Maes.DisT: N.B.: ;“DM:.
AV. RAINFALL 5.10IN.; RAMFALL-EXCESS 2081 IN.; Fgy, .,Qam&___mn-m:
L 2.0  mi; ch 11 05 - Mleg)®?—- 838 __; tpo_.F___ hrsi
. LAG{tgk: ’,4..6_5 hrs;, Cig'. B <09 L J&m cfs/sqmi; Ty 640‘.‘:’1&1”7 -
LAGHemn) 5840 hrs; Wy 6? sy w,, mjﬁm_ hrs; SLOPE ... .. =i |
: D -.(-OBSERVED | ADJUSTED. EDy
[oasaavco ESTIMATEDL~ STORMzE | HOUR :| - HOURY ?‘EPR°°U°E”;--!
TIME. DISCHARGE[BASE, FLOW [ RUNOFR. 1 UNIT CUNIT | STORM |
 Pagwrl crsii ol cFs . | cEs. _wcnocwnmnaocamlmocnmn |
Fol Jone b SN I o e RS CES
9 {118 118 118 >
- 3 220 122 200
6 | HO- 123 3K el
-~ 9: | E8o 125 460,
o . 3 6§g 127 . 590
N P ol . 129 S - Y
o ) 133 1 g0 bt
g 195»9 136 99:1_,7.
. 10 ]
' 9 .| 1070 11.3% 10 ,
M| 1120 142 156 |
. 3. ] 1180 1k 1200, ||
) o 1 1233 145 1260 &
126-K 149 SENN
. -3 | 1280 151 130 &
_b.] 12u7 153 1275
9 | 1210 155 1240 .
M 1160 1576 1180
3 [ 1118 158 1130
6- 1 3050 _160 1070 .
|9 995 162 1000 1.
27 - 930 16t C.y
3 875 165 285 |
6 820 167 820, .
9 770 169 TG .
M | 720 171 710 }
3 6?0 ll;,: b58 . o
& 630 175 61, |
9 590 175 CTO M
28K | 553 7L B8 1
o 220 179 L Ca—
AL 121 5 A
9 ug - 183 %‘13 o
) 185 SR T)
3 | u2g . 187 . -« T £
& | 400 189 385 14
9 380 191 - 355 ;
29~-§ 360 193 Sl 337 ‘
.FH...E’“ NO.&JG-IZ/SA AN PLA’F&I-&
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WAR DEPARTMENT

CORPS Of ENGINEERS, U. 5. ARMY

“Computed by W.M.
Date 27. Jnly 19

STREAM Beards Brook . _

- LOCATION

DRAINAGE AREA —— . _SQ. ML,

' STORM OF September 1944 pREPARED BY Boston _

INIT. HYDROGRAPH DETERMINATlON
Hillsbore, N. H.

DIST. New Eng, DIV.

.

-0

-AV. RAINFALL 3.99 IN.; RAINFALL-EXCESS 1.03_IN.;  Fgq, 0.329._  _IN/HR.
L 0.9 mi; Leo -8213 mi; (LLgo)®d. 3.52. _: +x . 3 hrs,
CLAG(pR) 23:3 trsy Cyp . 3-82 1 qpn 1922 . cfs/samii Cp 640 258 .
LAGHemp) @45 hrs; wso 26 hrs; wyg 18 _ _ hrs; SLOPE _ _
1 OBSERVED | ADJUSTED |pg
.+ ] OBSERVED [ESTIMATED} STORM ‘HOUR HOUR REPRODUCED
TIME ! DISCHARGE [BASE FLOW| RUNOFF UNIT UNIT STORM
| " C.FS. . C.F.S. C.F.S. |HYDROGRAPH|HYDROCRAPH[HYDROCRAPH
IR : . CF S CF S C.FS.
| 200, - 70 130 126 130
| —“hg _ 820 71 759 135 758
T 1003 12 931 90t 911
] 10 1030 13 . 957 - 929 957
A 13 lggg 1 126 1090 1126
16 11 15 1065 1035 1065
19 1050 16 __97% qls gi%‘ :
22 905 117 828 20'5' .
L. lA] 780 I8 102 £0. 7 |
, - 2{1;5 %; 596 579. 53_2 :
1 5 80 525 510 5eh
10 560 20 ugn ueh 420
B 525 ! .8 Ny 430 b
16 u58 82 376 %ga -~ 376.
19 % 83 317 08 317
22 R 8. . 2b1 253 26]
14 112 85 227 220 227
i 290 & 204 198 204
7 212 &7 185 180 185
10, 260 88 172 167 172
7.13 250 &9 161 156 161,
16 240 90 150 1’55 . 150
.19 220 a1 129 125 129
L 22 202 92 110 107 110
b A 1.88 93 95. 92 95
n 175 ol 31 19 R
7.1 164 95 70 68 70
110 160 . 96 el 62 éu
1813 160 97 63 eI 3
16 157 98 59, 57 R
19 142 99 TR 42 43
22 122 100 22. . 21 22
1A 112 101 11 11. . b
Y 110 102 ___8 B g
1 103 103 8 .0 0
13
.16
] 113
22 _
Lo FILE NO18-12 /36 . - PLATE. T
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! o Vi TiNGH RUNGFF IN SHOURS. | = : NORTH BRANCE OF CONTOOGOCK RIVER
3 ANALYS!S OF UN!T HYBROGRAPH TR e ,~
: e (e = R P B LR - mm HYDROGRAPH umns
i - i - mw R ECEE =7 ZERE : : T GRAPHS
L e oon mmwne we jemccmatia kB F N s (oo e
 {E - . o oo 'L T o SR - - . » . N e T e * ot “'“:‘,_:‘_Z-._I!-l sh oD 2 ok aide [ R-X2
5{1) "~ D.A. Drainage Area Sq.Mi. «sh.s ' 534.8 1= IR < 0. - S - SCEEs = =+ 3 g2 105 105
; 7 C | ST e S ERERE! y : 1 6 181 245 269
f2 -~ - Storm of . {Sept.'38 June M4 | - - S S5 EERES ¥ 9 298 420 537
X : ' u ' o Sso=s F ; = i B 438 pu2 981
E( 3) | Total Weighted In. 9.61 5.20 1 - - . - - E 3 3 172
k : . | H it 5 S 22 3 | 580 93 1
| Bainfall over Basin - | : H N EEESHTASR b 95 12,2& 1576
) 7 . . . E = ¢ S ey ot v e ‘ - 12 1l
(4) Bainfall Excess  In. 5.95 2.27 - - - E 7 3 ’g‘; 11;6 12%2
(5)  Puy Infilbration In./Hr. | 0.061 0.105 |- ;f,g ;3; ‘ .ﬁé "*3%,;‘ 1319;2
B ' ) ,ﬁ S =E 1) ERhpLE : 710 892 . 818
, (6) Peak Diacharge c.f.8. | 3,850 - 1,300 - ZE=rs oNit: é__EAPBS , ;.g ?;?32 _‘ ggo . 689
K 3 ‘ | e e 3 300 707 512
(n Peak giwﬁrse c.s.m, | 70.4% = 23,8 | H Sguoat g 6 666 613 473
-per Sq. Mi. - ' . . - ' ] 9 627  5;m° - 385
: o _. | : 3 M 584  B55 - 304
(8 L L;ngi of Dralnags Ni. 2k.0 2.0 21.5 27.5 271.5 SEE: ; 1 3 Bu5 - 382 22& ‘
' as L ; L : 5 | ' 1
(9). L Length from $.G. Mi. .05  11.05 T]1%.55 14.55 14.55 * E 9 gg; ?32;? '123
‘ ©& to Point of Discharge - T : 3 S SRt : N . Hog i 4
(10)  (1n,g)0-3 | 5.3% 5.35 6.0 6.04 6.04 7 B S NI rOE R e - ! 2 362 146 5 - '
: ' _ : = g e , e i ' 21 2 2
{-11) tR _ ﬁgit ﬁtlnfallr Hours 3 3 3 3 - 3 ZRES s SsEss f i 9 ggo ‘ ? d L
: uration - . : . - B EEET M 239 41
(12)  Lag(t,p) Time of Peak Hours 23.5° 46.5 23.5 18.5° 15.5° S BESEuE 3 204 21
, Concentration A i H f 3 ; E 6 173
(13} Cpg Drainage Basin 4 ko §.69 3. 90 3.00 2. 60 ESEM 9 1
Coefficient : : o Sy ¥ 7 11
(14) % Peak Discharge cfs/sq.mi. | 13.3 9.50-% 113.3 20.9™ 25. o*’ g ;’ \ S p=mm s
: of Unit Hydrograph L B A%; == :
[(15) 640  Drainage Basin 314 4y 30 30 B  FEH ] - 2
j Coefficient SRR &= 2s == F— N
$(16) Lag(t,,z) Time of Volume Hours 38 5540 38 28.5 o4 - . FEEF : g8
Concentration , S R == mmE c = " ‘
(17) W ~ Width at 50% of  Hours ug 69 4y 29 22 %F i aas X g NG 13817 eLiEdSmesEssogam E
J: Peak Discharge . : B === ! ! 3 g RAPHD > ANELFEL
{18)  Wog Width at 75% a4  Hours 28 38 28.0 15.3 11.5 / E e ‘ Ot ks_mj ADIUSTERTD
: Peak Digcharge JESg 2e 2=t e N : j : 7
< peddl e = B =
.*Assumed Values _ E 2 : ‘“:‘,' i ] : " + 5
For detailed explanation of use of above : g 2] MERRIMACK VALLEY F LGBD CONTROL. |
e ) syabols refer to "Synthetic Unit Graphs" by % 1 i BE Agg; BROOK &NORTHR;E’A?!C& '
. . = Franklin F. Sayder, Transactions American ‘ Exscar I
& . Geophysical Union, 1938. 3 {ESRER COMPARISON OF UN]T GRAPHS
: . _ ESEER - NORTH BRANCH ‘
£ ' = BoSTON,MASS, |
5 Aty . 'Fll..f:}?zh_lmﬁ_ts:-.-ir [3ch

P .7 PLATEI-I?



' - ‘ _ : BEARDS BROCK
’ 7] Gram g
ANALYSIS OF UNIT HYDROGRAPH : 2 UNIT HYDROGRAPH VALUES
' COMPUTED ADJUSTED EreE 7 T CIOME WUNETH:
: : GRAPH UNIT GRAPHS CE . PH 'PIME  GRAFHE 1 GRAPH 2 GRAFH 3
ITEM SYMBOL EXPLANATION . UNIT SEPT. 1944 #1- #2 #3 b ==57 : S=e=ss Hour = c.f.s. c.f.8. ©C.f.8.
i . ‘ = E 1 I — X, a M
(1) D.a. Drainage Area Sq. Mi. 56 56 56 56 o 8 : = 1 150 210 275
. ' , , ':"gf BAE S s Epey s : 2 325 450 600
(2) Storm of Sept. 194k | « - - Er4ms ms EE: o 500 T40 950
Sca h 3 670 1050 1450
(3) Total Weighted In. 3.99 - - - EFERERens Eetd 5 300 1410 2050
Rainfall over Basin Assumed Unit Graphs Ees apmay = 6 1130 183 2900
_ e = 7 1350 2300 3850
(1) Rainfall Bxcess  In. 1.03 - - - —% s 8 1560 2710 3850
: . ' B ERES & 9 1670 2770 3300
(5) Fyy Infiltration In. /Hr. 0.329 - - - E st 10 1660 2600 2900
L . ' BaEs! : 11 1625 2380 2500
(6) Peak Discharge c.f.8, 1,200 | - - - e ; N 1560 2180 2150
- : 1 1510 1980 - 1850
(7) Peak Discharge c.s8.m. 19.1 - . - - 2 1460 1800 1600 -
per Sq. Mi. = 3 1400 1630 1370
\ _ _ _ _ N 1350 w75 1220
(8) 1 Length of Drain~ Mi. - 10.9 '10.¢ 10.9 0.9 : 5 1290 1325 1070
' age Basin ' g ' T 6 1240 1170 920
(9)  Le, Length from CG to Mi. 1 6.13 6.13 6.13  6.13 7 1180 1060 810
Point of Discharge T 3 1140 950 700
(10) (11,,)0-3 3.52 3,52 3,52  3.52 APHS = g " 1070 gho 600
SEEES s 10 1025 750 500
(11) ty Unit Rainfall Hours 3 3 3 3 i 11 975 660 koo
Duration - B M 920 560 310
(12) La.g(tpR) Time of Peak . Hours 13.5 7.5 5. 7.0 5.5 =t 1 875 500 230
Concentration S _ : 2 825 410 160
(13) Cin Drainage Basin 3.82 2.10% 2.00* 1.60* 3 780 340 70
. Coefficient ' =< 4 730 260 0
() LR Peak Discharge cfs/sq.mi. 19.1 29.5 K0.5  70.5 = 5 680 200
of Unit Hydrograph . : ' ! 4 ATy 150
(15) C 640 Drainsge Basin : - 258 222 54 388 7. 590 20
P Coefficient . : g . 560 ) 25
(16) Leg(t,yp) Time of Volume Hours 24,5 18 12.2 10.8 9 500 0
Concentration : : 1B B52
(17) ¥gq width at 50% of  Hours 26 19.8  11.9 8.0 8 e s 1 428
: Peak Discharge . ngi"_;‘___} . i N 370
(18) w75 Width at 75% of . Hours 18 11.0 6.0 4.0 SERSSE S8/ BSEERaRa NG
'Peak Discharge L HamrEe AT
e AT EE = ==
TSP PO 0 R B S S S S 4 S 5 S L o S S o e e e e e e T e '('p‘i’ ; %
*Assumed Values E SEsSEE : E!

For detailed explamation of use of above _ s s : : : 2 MERRIMACK VALLEY FLOOD CONTROL |
symbols refer to "Symthetic Unit Graphs" by : ] ; e : = BEARDS BROOK RESERVOIR -
Franklia F. Sayder, Transactions American S == ! ' S SR - BEARDS BROOK & NORTH BRANCH
Geophysical Union, 1938. o ’ ESSE : ~==+1 COMPARISON OF UNIT GRAPHS

i _ - b ! - BEARDS BROOK
PR s : ? b S ENGINEER OFFICE  BOSTON,MASS.
SE L SESSE s gEes ; Ll : f E=pEt o FILE NOMIG-12/39}
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. DEFINITE PROJECT REPORT
BEARDS BROOX RESERVOIR

APPENDIX II

GEOLOGY, SOIL DATA AND ANALYSES

8. Introduction.~ This appendix presents the results
of investigations covering field explorations, laboratory
testing and enginesring analyses of soils and rock for
foundation and embankment purposes in connection with the
Beards Brook flood control project. Investigations and

~ analyses have been performed in accordance with the require-

ments of the Civil Works Manual of the Office, Chisef of
Engineers, using procedures of accepted standard practice,
The results of the investigations 'indicate that the founda-

‘tion conditions are satisfactory for the construction of an

earth dam with spillway in bedrock on one valley wall; that
adequate suitable materials for embankment construction are
readily available; that the foundation and embankment possess
ample stability, and that seepage through and under the em-
bankment will be negligible, '

-b. Exploration,= (1) Reconnaissance.- Reconnaissance
was conducted in the general vicinity of the site selected
for the project location. Topography and geography wsrs
studied and surficial examlnation was made to investigate
the principal geological conditions. Observations indieated
that a satisfactory foundation existed and that suitable
construction materials were available within reasocnable haule
ing distance.

(2) Seismic Exploration.~ Seismic exploration was

conducted under Tho direction of Mr. B. R. Shepard, Office,

Chief of Engineers, at one location on the foundation of the
dam (see Plate II-3) and at four locations in the area pro-
posed for the impervious borrow areas (see Plate II~7), Bed-
rock was located in the borrow area location but not located
at the line fired on the foundation of the dam., Some in-
dication of the character of the overburden materials was
obtained by wave velocitlies above the rock surface.

(3) Methods of Subsurface Exploration.- (a) Drill

Holes.~ Explorations to recover soil and rock samples for

classification, and determination of extent of occurrence,
were performed in 3-inch drill holes from which 2-inch soil
samples were recovered by drive sampling into undisturbed

II-1



material, and from which 1-5/8" rock cores were recovered
using & diamond drill, Smaller solil samples were obtained
from 2-inch holes for borrow exploration.

(b) Test Pits.~ Shallow test pits approxi-
mately six feet deep were used to obtain large samples for
determination of natural soil properties and for use in
laboratory determination of remolded properties. Test pits
were extendsd by auger boring where possible. Where large
samples were required from depths of more than six feet
below ground surface, test pits were sheathed and braced as
required.

(¢) Pressure Tests in Rock.~ Where cores from
bedrock indicated weathered and fractured rock, and where
additional information was desired about possible underw
seepage in the rock, drill holes were pressure tested for
total leakage and then for leakage along five foot segments,.
Pressures used in testing the rock were approximately one
pound per squars inch for every foot in depth below ground
surface. ' :

(d) Observation Wells.~ Observation wells
have boen installed in drill holes at points where a know-
ledge of ground water conditions is desired.

(4) Foundation Investigation at Dam Site.~ (a)
Foundation exploration at the dam site consisted of thirty-
eight 3-inch drill holes, five shallow test pits and two
deep test pits. Location of explorations is shown on Plate
I1~2 and II-3, and logs of individuasl explorations are
shown on Plates II-4 and II-5. Samples were cbtained from
all explorations for classifieation and undisturbed samples °
were obtained from test pits for determination of natural
and remolded scil properties,

(b) Pressure tests in bedrock were performed
in four holes at this site. 1In each hole tested approximately
the upper five feet of rock was moderately fractured and the
pressure testing equipment could hot be sealed satisfactorily.
Below five feet, the rock is fresh and moderately fractured,
with no serious leakage encountered in any of the holes
tested, ‘

(¢) Observation wells have been installed in
Drill Holes 33 and 38 where artesian {low was encountered
during drilling operations. The source of the flow is &
large body of sand approximately 70 feet below ground

IT-2



surfaco, and which sxtends to bedrock at a depth of mors
than 110 feet, Hydrostatic head at the Drill Hole 33 was
over 17 feet above the pground surface and a flow of 12
gallons per minute was measured at the ground surface at date
of exploration. After 6 momths of continuous discharge, the
flow had been reduced to approximately one gallon per minute.
This reduction in flow is believed to have been caused by
sand which has entered the bottom of the well and impeded
the flow of water. Exploration at D38 was completed in July
1945 and similar artesian.conditions were encountered during
drilling.

(5) Borrow Exploration,- Exploration for suitable
borrow materials consisted of & field reconnaissance,
supplemented by the drilling of sixteen 2~inch drill holes
and the digging of four shallow test pits. The drill holes
and test pits explored to date were located within proposed
pervious borrow areas. Seismic exploration in the proposed
impervicus borrow area has been conducted and exploratory
drilling has been scheduled., Samples of each soil stratum
encountered in drill holss and test pits were obtained for
classification, and representative samples of prinecipal
‘materials sncountersd in excavation of test pits were cb-
tained for laboratory determination of soil properties.
Natural density of pervious materials was determined by
sand displacement method in the field. A plan of borrow ex-
ploration is shown on Plate II-7.and a record of individual
oxplorations 1s shown on Plate I1I-8,.

c. Geology.~ (1) Regional.~ (a) Beards Brook Valley,-
The valley of Beards Brook is a tributary of the Contoocook
River valley and shares its geologic background., The rocks
of the Beards Brook Valley are metamorphic¢ and igneous of
Paleozoic Age. The metamorphic rocks are schists and
gneisses which were deposited originally as flat or gently
sloping beds beneath the water surface, A pericd of dias-
trophism which coccurred subsequent to this deposition re-
sulted in the crumbling and folding of the layers until
they appeared at every attitude. Large amounts of magne
were injected into the metamorphosed rocks, where relatively
slow cooling occurred and granite or related granitic rocks
formed. A period of regional uplift followed and streams
began the gradual erosion of the overlying metamorphic
rocks. As the drainage patbtern developed the streams cut
downward through the metamorphic rocks and exposed large
areas of the granite. At the beginning of the Pleistocene
Period, the Beards Brook Valley had been developed and the
brock was flowing in a bedrock channel. During the
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Pleistocene Period, the wvalley was covered by a portion of
the continental glacier that occupied Canade and the north--
ern part of the United States. The glacier nodified exist-
ing topography by erosion and by deposition. Erosion by
the glacier consisted of bevelling the northern slopes

of hills and steepening their southern slopes. In addition,
it scoured and widened north-south wvalleys and tendsed to
deepen and widen saddles transverse to its line of motion.
Deposition by the glacier caused the greatest change in
topography. Glacial deposits are of two types: the un-
sorted, unstratified glacial till deposited directly from
the ice; and the sorted gravels, sands, silts and clays
that are washed from the ice and deposited in water.
Glacial till may consist of a heterogensous mixture of
elay, silt, sand, gravel, cobbles and boulders, or some

of these sizes may be lacking. In general, the %£ill of

the Beards Brook Valley does not have material as fine as
the ¢lay sizes in any appreclable amount, The till con-
sists principally of two classes: sandy till which has a
predominance of sand sizes and silty till which has a pre-
dominance of silt sigzes., Glacial till is highly stable,
capable of furnishing good support and is practically ime-
pervicus unless modified by weathering., The till was
deposited in elliptical shaped hills known as drumlins,

and as blankets which were smeared across the vslleys,
partially £illing them and disorganizing the drainage
system. In many cases interstream divides were buried by
glacial deposits and streams now pass from ons old drainage
basin %o another. Wherse streams still flow within the old
valley they are seldom in the old channel, therefore, when
a stream has & rock floor, there may be a buried channel
nearby. The sorted materials consist of gravels, sands,
silts and clays or, as in the case of s modified glacial
drift, combinations of these sizes. These materials have
been washed from the ice, sorted or partially sorted and
deposited in the form of terraces, eskers and outwash
plains, The Beards Brook Valley has been largely filled
with both sorted and unsorted glacial deposits and it is
within these deposits that the prssent channel has been
developed: |

(b} Vieinity of Dam Site.~ In the vicinity
of the dam site, Beards Brook flows southward in a channel
composed largely of compact glacial till, The present
channel is located almost directly over the pre-glacial
channel and approximately 100 feet above it. North Branch
Brook which is located approximately one half mile west of
Beards Brook has a bedrock floor which is located high on
the old pre-glacial valley wall, Large quantities of
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glacio~fluvial material have been deposited within one mile
upstream of the dam site; these consist mostly of kame
terrace deposity and are .composed of coarse to fine gands

(c) Source of Data.,~ Information pertaining
to historical and existing geology of the Beards Brook Valley
has been abstracted from veports on the Beards Brook gite
presented to the Boston Digtrict Office by Mr, Sidney Paige,
Geologist, U, S. Engineer Office, Nor'th Atlantic Division,
Vew York Cityy by Mry CHarles P, Berky, consulting geologist,
Columbia University; by Mr, Irving B, Crosby, consulting
geologist, Boston, Massachusetts,

(2) Dam Site.~ (a) General,~ The geology of the dam
gite is discussed in the following sub-paragrsphs according
to princlpal conditions encountereds A plan of foundation
explorstlon showing the location of all drill holes, test
pits and observation wells ig ghown on Plates II-2 and II-3
and graphic logs of individual explorations are shown on
Plates II=lU and II-5. Geological profiles are shown on
Plate II-5, '

(b) East Abutment,~ The east abutment of the
dam is composed of a compact sandy to silty glacial till
that overlies bedrock at depthsg of B0 feet or more., The
upper zone of the till to a depth of four to six feet hag
been affected by weathering and frost action, and is leds
compact that the underlying till., Boulders of wvarying
sizeg oceur in abundance on the ground surface., Bedrock
rises toward the east but does not outerop within the
immediate vicinity of the dam site,

(e) Valley Bottom,~ The valley bottom in-
clndes the channel now occupied by Beards Brook where the
maximum embankment section occurs, The principal material
is a compact sandy to silty till that overlies a body of
pervious sand at depth of more than 60 feet.' The gand body
ig extensive and is probably a deposit of pre-glacial
sediments that occupy the old channel, Two observation
wellg were instelled, one with Dottom of pipe within the
sand gtratum and one with bottom of pipe in porous rock
under the sand, Continuous flow from the sand stiratum into
thege two observation wells indicates that water hag ready
access to the material, = Surface boulders are strewn
Liberally throughout the area.

{4) Wegt Bank.- With the exception of a short
seetion ineluded under the valley section, the embankment
west of Beards Brook is relatively low. The foundation:
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material is compact sandy to silty %ill with a capping of
four to six feet in depth that has been affected by weather-
ing and frost action, Bedrock surface slopes steeply from
outerops in the spillway area to depth of more than 50 feet
in the wvalley bottom. Boulders varying in slze from ons to
fifty oubic yards are abundsnt in surface concentrationsy

(6) Spillway.~ The spillway site forms the
wost abutment of the dam. The site has a thin covering of
gravelly, silty sand overlying bedrock at depth of approxi-
nately 10 feet. North Branch Brook flows in s general
southeasterly direction through the site and has exposed
the rock over a large area., The principal rock is moderatew
ly fractured porphyritic granite with many inclusions of
silicious schist. The rock is fresh and structurally strong
throughout the area except for a shallow weathered capping.
Ldjacent %o the downstream side of the spillway site a
local zone of weathering occurs %o a depth of approximately
40 feet, :

(f) Diversion Channel.,~- The diversion channel
is located upstream of the embankment on the west bank of
Beards Brook in such a location that it will dirsct flood
flow of North Branch Brook into the principal reservoir
area. The material at this location consists of semi~
compact, to very compact gravelly, silty sand over glacial
till. Boulder concentrations are prevalent throughout the
area.

(3) Borrow Sources.- Amplo quantities of compact
silty till suitable for impervious fill occur in the east
bank of Beards Brooik. The area selected for development is
approximately 1000 ft. upstream of the dam and at an eleva-
tion which will allow a downhlll haul to the embankment.
Large guantities of pervious glacial outwash materials are
located within a radius of two miles of the damsite. These
deposits contain amplo material for the pervious sections
but do net contain sufficient coarse material to be suitable
for coarse concrete aggregate. Exploration is continuing
to determine a sultable source of aggregate.

d. Construction Material.~ (1) Materials Required, -
Principal materials required for construction of the pro-
Jject are summarized in the following tabulation:
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Iten Quantity C.Y. (Emb. Meas.)

Impervious Fill 290,000
Rendom #Fill 280,000
Pervious Fill _ 480,000
Selected Gravel 115,000
Concrete Aggregate and

Special Gravel 36,000
Rock for Slope

Protection 200,000

(2) Materials Available in Required Bxcavation.-
Materials obtalned from required excavations will be used for
embankment purposes where suitable. Of the total excavation,
approximately 396,000 cublc yards of material is suitable for
use in the embankment for the following purposes;

Ttem Quantity C.Y. (Exc. Meas.)

Random Fill and Backfill 210,000
Rock Ffor Slope Protec- o

tion 140,000
Semi-compacted Fill 46,000

Rock for slope protection 1s available from rock excavation
at the spillway and from boulders encountered in reguired
excavations.,

(3) Materials Availabls for Borrew.- (a) Impervious
Borrow.- Massive deposits of sandy and silty glacial %ill
Torm thé walls of the present stream valley. These deposits
are excellent sources of material for impervious embankment
construction, The area selected for impervious borrow is omn
the east bank of Beards Brook, a short distance upstream
from the dam site. The maiterial selscted for use is the un-~
wonthered, wimedified t1ll which ccours under a surface cover
of gravelly sand. Boulders are densely strewn over the ground
surface in this locality.

. (b) Pervious Borrow.- Large quantities of
glacio-fluvial materials occur a short distance upstream from
the dam site, They are outwash deposits and are composed
principally of coarse to fine sand. The area selacted for
development is approximately 1.5 miles upstream from the dam
site (Plate II-7).

(¢) ‘Processed Aggrogates,- 1. Investigation
of existing commercial sourcss of processsed aggregate for
conerete and special gravels has been made. Reports have
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boen compiled covering plant facilities, materials processed
and experience records. Samples of materials from prin-
cipal sources have besn obtained for classification and
laboratory testing., Investipgations teo date indicate that
suitable materials exist within reasonable hauling distance.
The nearest existing commercial plants are located in
Manchester and Keene, N.H,, each approximately 30 miles

from the project location,

‘

2. Investigation of an undeveloped

-source of a ggregate within ten miles of this project has

besn made. The possibilities of developlng this source for
use in conneection with other projects in the viciniby are
being considered.

d) Roeck for Slope Proteotion.; Rock for slope
R

fprotection may be obtained from rock excavation for spillway

construetion, or from a combination of this rock excavation
and of boulders in reguired excavations, Bedrock excavation
at the spillway, and boulders in earth excavation are com-
posed substantially of hard durable granite.

(4} Materials Summery.- A summary of construction

‘mgterials required with indicated source, and materials

availlable from required sxcavation and sslected borrow areas,
with indicated disposition, is shown in the following tabu-
lation.
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CONSTRUCTICH MATERIALS

MATERIALS ‘REQUIRED FOR EMBANIGENT

QUANTITY -~ C.Y,

Source

ITEM Eubankment Excavation - Excavation Measure (.Y,
_ Meagure- Measure
Compacted Impervious Fill 290,000 335,000 335,000 Impervious Borrow Ares
Compacted Random Fill 280,000 320,000 200,000 Structure Bxcawvation
: ' 70,000 Imperviocus Borrow Area
" 504000 Pervious Borrow Area
Semi-compacted Fill 40,000 46,000 46,000 Foundation Stripping
Compacted Pervious Fill - 460,000 530,000 530.000 Pervious Borrow Area
Selected Gravel 115,000 130,000 130,000 To be selected from
available sources
Procegsed A%gregates - , .
and Special Gravels 35,000 50,000 . 50,000 Processing Plant
300]: for Slope Protection 200, 000 1%0,000 75,000 Structure Excavation {Rock)
' ' 50,000 ?tructure Excavation
Cobbles & Boulders)
15,000 Boulders from Stripping
10,000 10,000 10,000 Stripping

Topsoil & Organic Subsoil




OT~II

CONSTRUCTION MATERIATLS
MATERIALS AVAITABLE FROV FXCAVATION AND BORROW

ITEY

QUANTITY — C.Y.

isposition
Excavat?onpldgasure c.Y.

Stripping Foundation 145,000 10,000 Topsoil f Organic Subsoil
15,000 Cobbles and boulders for riprap
46,000 Semi-compacted Fill
74,000 Waste
Structure Excavation , ‘
Barth 260, 000 10,000 Structure Backfill
50,000 Cobbles and boulders for riprap
200,000 Compacted Random Fill
Rock 75,000 75,000 Reck for Slope Protection
Impervious Borrow 450,000 335,000 Compacted Impervious Fill
70,000 Compacted Random ¥Fill
45,000 Stripping and Waste
Pervious Borrow 640, 000 530,000 Compacted Pervious Fill

50,000 Compacted Random Fill
60,000 Stripping Waste




e. So0il Data.~ (1) Scope and Extent of Laboratory Investi-
gotion.~ ALl somples of material encountersd in fieid 6XpLoro=
tion have been submitted to the lsboratory for final classifica-
tion end testing.. Selected representative samples have been
tested to determine compaction characteristics, shear strength,
permeability and consolidation characteristies, Investigation
of these goil properties is continuing but sufficient date have
been obtained to determine the general range of results,

(2) Laboratory Procodures,- (a) Mechanical Analysis.-
Mechanical analyses of selected representative samples have '
been made using & standard sieve analysis with & minimum sieve
‘of 100 meshes per inch, and hydrometer analysis of materials
passing that sieve size.

(b) Spedific Gravity.~ The specific graviby of
principal materials has been obtained by the water displacement
method (A.4.S.H.0. T100-38),

(¢) Density.- Donsity of cohesive soils has been
determined from undistrubed paraffined chunk samples. Density
of cohesionless soils has been determined in the field by the sand
digplacement method.

{d) Water Content.~ The natural water content of
principal materials was determined from samples obtained in the
field ond troansported tc the laboratory in sealed jars, Results

.are reported in terms of percentage of oven dry weight.

(o) Compuaction Charscteristics.~ Compuction
characteristics of cohesive soils are determined from the molsture
density relation obteined using standerd and modified Proctor
Compaction Tests, Compaction characteristics for cohesionless
soils ineclude determination of minimum dry density by placing soil
in o container in the loosest possible condition without vibration
or impact, and maximum dry density obtained by combined pressure
and vibration. Identificotion of the state of compauction of
cohesionless soils is made by reference to the density ratio Dp,
as defined by the cxpression

d ~d
D, = ; 0
where d = dry density, psc.f., of soil being considored.

do = dry density, p.c.fe, of soil in loosest state
from laboratory test for minimum density,
placed dry.
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leOv = dry density, pec.fs, of s0il in densest state
from laboratory test for maximum density,
placed dry and compacted undor combined in-
fluence of pressure and vibration by method
developed in the Providence Distriet Soils
Laboratory.

(f) Shear Strength.~ Shear strength of principal
. moterinls was debermined using o trisxial compression device in
accordance with procedurecs outlined by A. Cassgrande und R E,
Fadum, in "Notes on Soil Testing for Engineering Purposes”, a
publication from Harvard Un1v0r51ty Graduate Schocl of Lngineer—
ings

(g) Permeability.~ Permeability of materials was
determined using de-aired waoter in o folling head type opporatus
with & plastiec, transparont permecameter following the general
procedure deseribed by G. E, Bertram in "An Experimental Ine
vestigation of Protective Filters", a publication of Harvard
University Gradwate School of Engineering.

(h) Consolidation.~ Laboratory consolidation
characteristics are determined by using fixed ring consolidation
test apparatus for o 4—1/@ inch diameter sample of 1= l/% ineh in
initial thickness. :

(3) Tost Resultse~{a) Classification of Materials En-
countered.~ Classification of materials encountered in ficld ex-
plorations are shown by grophic logs of oxplorations on Plates
II-4, II1-5, ond II-8, This classification includes color, com-
pactness, consistency, plosticity and basic soil type of each
stratun encountered.

(v) Soil Data Sumary.- -l. Results of laboratory
tests performed on samples of principal Toundation ond borrow
solls aro summarized on Plates II~9 and II-l0,

2¢ On Plate II-~9, Figures 1, 2 and 3 show
grad%tions of principal soils, ond Figure 4 is o summary of pro-
perties of materials encountered in required excoavations and of
materials required for ombankment, Conservative estimoted values
shovm in Figure 4 arc based on results of these tests augmented
by tests on sinmilar materials for other sites.

3+ Plate 1I-10 shows oomparatlve rlots of
tosts for companetion charactoristics, shear strength and permenbiw
1ity of prineipal soils, Datu are arranged from left to right
in order of incrcasing permeability of matericls tested.
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£,  Embankment Design.- (1) Design Crlterla.—‘ The embank-
ment de51gn involves & study of foundation eonditions, the deter-
mination of the characteristics of foundation and borrow materisals,
the choice of a cection which utilizes economically the available
materials ard which is safe under all conditions. The embank-
ment design nust satisfy the following eriteria:

(a) The slopes of the erbonlamert must be of such
that no shenr slide can occur in the embankment or foundatlon
materials. .

(b) The void rotio of all materials in whieh o
flow alide might ocour nmust be less than the critical wvoid ratioc.

(¢) Seepuge must be controlled so that no detris-
mental uplift pressures or transportation of material can occur.

- (4) Provision should be made to compensate for the
settlement of the embankment after construction to insure the
design free board height.

(2) Preliminary Erbankment Design.- Several prelimine-
ary project designs have been considered for various alignments
within the general projoct area. The embankment design presented
for review by the Board of Consultants in December 1944 was es-
sontially the same as reported herein with the following ex~
ceptions:

(n) Size of the compacted reandom section has been
decreasod and corresponding increases have been made in the com-
pacted rondom and compacted pervious sections.

(b) The downstream slope protcection above cleva-
tion 640 hos been changed from seeded topseoil to dumped rock, )
This change eliminatcs the necd for the berms originally plammed,.

(3} Definite Project Dosign Features.~- (a) Foundation
Conditicons.~ Foundation conditlons have been described for four
different portions of the dam site (Paragroph b).

(b) Compacted Impervious Section.- The compacted
impervicus section of the embankment consists of a central core
of till which contacts till in the foundaticn from the east abutm
ment to comtact with bedrock at the cast side of the spillway
wall in the west abubtment.

{c) Companocted Random Sections.- The canpacted
"random sections of the embankment have been included in the de=
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sign to provide a trunsition bebween the impervious core and
the pervious section of the dam. Dimensions of these random
scetions have been chosen to utilize the estimeted quantity of
suitablc material from structure excovation at the dam site and
from the selected borrow arons,

(d) Compaoted Pervious Sections,.~. Thc compacted
pervious sections of the dam have been designed to provide suf-
ficient stability of the upstreom section during rapid drawdown
of water elevation and to hold the maximum line of seepage in
the downstream sections well below ground surface for conditions
of sustained high upstream pool elevation.,

{e) Downstream Toc Drain.- Water seeping through
and under the dam is collected in a downstream toe drain of very
pervious gravel containing o perforated collector pipe connected
to outlet at convenient intervols. In the major valley section
the toe drain material extends upstream as a drainage blankct
under the compacted pervious seetion to 10 feet from the down-
streom rondom sschbion.

(£) Control of Subsurfacc Water Pressurc.=.
Preliminary exploratory drilling oncountered artesiun flow from
o stratum of sund under the till epproximately 60 feet below
ground swfuce in the valley bottom of the Beards Brook channel,
Exploration amd observations are continuing to investigate more
fully the existing conditions, and to provide the basis for
design of o suitable methed of control by use of drain wells,

(g) Slope Protoction.~.Both the upstream and _
dowvmstream slopes of the embankment are protected by a blanket
of dumped stone on a filter lnyer of screéned gravel.

(4) Design Studies.- (a) Scepoge Analysise-. The
soepage through nd under the embonkment has been studied by flow
nets (Plate IT-11). As the impervious core of the dam combacts
a substantisl body of equally impervious till throughout the
entire length of the embonkment very little seepnge is antici-
pated. The pervious sand underlying till in the bottom of the
Beards Brook Valley is well blanketed by till and has little
influence on undersecpage. Based on the flow net studies the
total seepage through and undor the embankment is estimated at
04l cefess for sustained mximum upstreon water surfacc.

~ (b) Filtor Anslysis.-. In all sections of the om-
bankment and its foundation through which water passes, a study
has been mode to insure that the gradation of adjacent soils is
such that the finer sizes of one soil will not be transported by
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the seeping water into the volds of an adjoining soil. 1In areas
where seepage water is collected, the gradations of adjacent soils
fulfill the above ecriteria and in addition the soils become
progressively several times more pervious in the direction of
discharges The coriteria used for these analyses are those con-
tained in’ Chapter XXI of the Military Engineering Manual, OCE,

The determination of tho general range of muatoerial for the filter
blanket in the downstream section of the earth embankment is il-
lustrated on Plate II-11,

(c) Embankment Stability.- 1, Method of Anslysis.-
Using the most dangerous circle method, the stability ratio for
shear failure of the dam embankment and its foundation was
determined by investigating the forces tending to cause movement
and those producing potential resistance to movement on several
circular sliding surfoces of weakness which were scketed by
systematic trial., This method investigates only the possibility
of a shear failure. The analysis of flow slide failure is des~
cribed in a following subparagraph. In the analysis the driving
forces include the rotating effect of the weight of the soil
mass end water above the surface of fallure oand also the forces
generated by woter pressure. The forces producing potential
resistance consist of the shear strength generated along the
sliding surfaces The ratio of the potential resisting forece and
the driving force is termed the stability ratio. A sufficient
number of potential surfaces were analyzed to determine the posi-
tion of the surface having the least stobility ratio, termed
the "minimum stability ratio". A minimum stadility ratioc of
unity indicates equality of driving and potential resisting forces
and implies that the embankment is on the verge of failure, while
o minimum stability ratio of greater than unity indicates that
the structure possesses reserve strength.

2. Sections Annlyred.~ Analyses were made
of the typical deep valley section and o representative section
above elevation 680 (Plate II-12}. In the analysis the embank-
ment and foundation have been considered as an integral mass,.
The soil chnracteristics used in the analyses of the various
sections are shown on Plates II-9 and TI-10,

3. Analysis Results,- Results of several
stability triols of both upstrear ond downstream slopes are
summarized in the following tabulation: :

Section . Minimam Stability Rotio
_ ‘ Upstream Downstream
Typical Decp Valley 2.0 ' 242
Typical above El, 680 2.l 2,6
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4, TFoundotions and Abutments.- Stability
of the foundation and abutment in onalyses for possible shear
failure was investigated in oconjunction with analyses of the
upstream and downstream slopes. The abutment and minor portions
of the embonkment are considered of greater stability than the
principal embonkmont section for which the analysis is shown on
Plate II=18, the rosults of which ore tobulated in paragraph 3
above .

(d) Flow Pailure Analyses.- A flow failure is
defined as the liquefaction by shock of a mass of loose, saturated
cohesionless material. Based upon the ecxperience gained by the
detailed. study of flow failure made in commection with the
dosign of the Franklin Falls Dam, a flow failure of either the
- upstream compacted pervious or random sections of the embankment
or the embarnkment foundation is considered highly improbable. .

An analysis of the possibility of o flow failure will be made in
comection with the final design.

(e) Surface Slides.~ Surface slides may occur
during the period of frost melting in scils affected by frost
action. Such surface slides will not occur in the embankment since
01l materials, in the range of frost penetration (at this site
about four feet) orc cohesionless and not susceptible to frost
action.

(f) Settlement Analysis.- Based on experience
rained as o result of settlement obsorvations on the completed
Fronklin Falls Dam, o settlement of the embankment at its
maximum section is expected to be approximately 1 to 2 inches due
to foundation consclidation and 2 to 4 inches due to conselido-
tion of the compacted impervious section under its own weight,
Totel sottlement will ccour gradually over a perioed of several
years. Upon further analysis and before final design plans are
preparced, definite values will bo established for constructing
the cmbankment to sufficient initial height to allow for this
scttlement.

&». Outlct YWorks Fouﬁ@&ﬁigg.—- (l) Lgpatiga.— The cutloet

works arc locibod ot Bhe casterly side of the oxisting channel of
Booards Brook cnd under the major cmbankroent scetion.

{2) Foundation Conditions.~- The foundation for the
outlet works consists of the very compact glacial till of the
massive deposit extending across the entire valley. At o depth
of more than 60 feet o deposit of pre=-glacinl sand deours over
bedrock (Plate II-6),.
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(3) Poundation Design.~ The existing foundation soil
possesses omple strength to support the load of the outlet works
and embankment. Attention has been given to design details to
obtain adequote protection against flowing woter end frost
action (Flates IV~3 and IV-4).

he Spillwuy Foundatlon.- The spillway is located in bad
rock excavation in the existing North Bronch Brook charmel and
presents no design problem., This rock excavotion is suitable
for .embankment slopc protection.

'i. Diversion Chonnel and Cannal,.-" The diversion chammel and
canal connect the North Branch Brook valley and the Beards Brook
valley in tho vicinity immedistcly upstreanm from the embankment.
Foundation conditlons have beon described in Paragraph c. Design
dotails includo protection of structure &galnst damage by flowing
woter ond frost Lotlon.

J+ Construction Prooeduro.~ (1) Sequence of Qperations.=
The design contemplabes @ s-Season construction sohedule. Luring
the first season, it is proposed to perform all foundation strip-
ping; to ingtoll the relocoted penstock, to excavate the diversion
channel and connl, and to comstruet part of the spillway and em-
bankment. During the second season, it is proposed to complete
o0ll work except completion of the access roads and final grading,.

(2) Cofferdomss~ The principal cofferdam occurs as part
of the embankment coross Beards Brook valley (Plate IV-3). Other
minor cofferdams will be required in other parts of the work for
only wvery short periods of time.

(5) Embankment Construction.- Construction of the come
pacted carth embankment requires the simulteneous placement of
the compacted impervious, random and perviocus sections in parallel
layers for the full width of the dam with the surface slopad to
drain readily at all times. :
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IEFINITE PROJECT REPORT
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APPENDIX 11I

HYTRAULIC DESIGH

2. Introduction.- This appendix presents analyses of the
hydraulic design and criteria esteblished for the gpillway end outlet
gtructures of the reservolr for the flow conditions varying from

normal discharge to the design floods. The hydraulic design iy
complicated by the fact that the dam extends across two rivers
Jugt upstream from their confluence, The splllway is located on’
the Worth Branch -of the Contoocook Biver and the principal outlet
structure is located on Beards Brook; The general criteria for
the hydraulic design of the outlet structures and 3p111Way are

ad follows: )

(1) Normal Flow.~ The normal flow in Beards Brook will
pass through the Beards Brook conduit without any gate operation,
Water from Jackman Reservolr on the North Brench, in excessg of the
flow utilized at the Jackmen Generating Station; will discharge -
through, the ungated outlet in the gpillway section into the North
Branc"’l..

(2) ¥reshets.~ Froshot flows will discharge similar o
_the normel flows, that is, each tributary discharge will be main-
tained in its individual stream without diversion from one to the
other, Some storage will probably be used on both tributaries,
the snount being dependent on the size of the freshet,

(3) ‘Regervoir Design Elood.~ The storage capacity in
the reservoir is practically all contained in the section of the
regervolr on Beards Brook ag the storage in the small pond
created on the North Branch is negligible, COonsequently during
flood periods it ig necessary to divert the flood flows from the
North Bronch to Beards Brook, The ungated outlet in the gpill-
way will linmit the discharge from the North Branch, and the
diversion csnal will have sufficient capacity to divert the
excess flow without any spillway discharge., The ocutiets.on
Beards Brook will control the discharge during the flood %o
the prescribved regulated digcharge, but gtill have avallable

discharge capacity to facilitote rapid emptying of the reser—
voir after the flood.

(W) Spillway Design Floode- The inflows from Beards
Brook during spillway floods are diverted from the Beards
Brook section of the reservoir to the spillway on the North
Bronch., Thig direction of flow 1z directly ovposite to the

1
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flow in the divergion esnal during the reservoir design floods.,
- The diversion channel should have sufficient capacity to pass
the enillway flood without causing approciasble head losses.

The design of the hydraulic features of the gtructures

ig based on the use of gtandard forrmulao and the results of
gtudics and model tegts made for similar structures on other

projectss The shopc of the spillway nappe and the curve for
the upstreonm face were drawn from the recomnendation contained -

in Cireular Letter.No, 3281, dated 2 Septenber 19k,

The structures have been designed to vrovide for the
discharge of the naximum pogsible flood stages with the mininmun
preseribed freeboard and to permit passing normal snd freshet

- dlscharges with a ninimunm of gate operation. Three gates are
nrovided in the intake gstructure to obtaln gsymmetrical flow

conditions in the transition and conduit. An eight (8) foot
gquare conduit, and an ungzated outlet 6' x 41, in the spillway
gection are provided for regulation and digcharge of 21l flows
below elevation 705 from Beards Brook and the North Branech,
respectivolys A conduit stilling beogin is necessary due to
the high discharge veloclty and the absence of bed-rock at the
conduit outlet, The stilling basgin has a depth of 10.0 feet below -
the end 9ill} has 2 rows of gtepped baffles to dissipate the
conduit discharge energys and hos a stepped end sill to provide
an adequate tailwater depth for all condult discharges. The
spillway length has been selected as U50 feet for the required
discharge copacity due to econonical limitations, A diversion
conal 1100 feet long is provided to enable storage water from
the North Braneh to discheorge. into the Reserwoir, - The canal,
with a capaclty of 5000 .c.fes., hag a bottom width of 90 feet,
side slopes of 1 on 2 and an average depth of 9 feet, 4 con-
trol weir with crcst clevotion 690 extends across the canal

to control the discharge velocity., The diversion channel is

trapogoidal in scetion, 300 feet wide at the botton and 9.5
feet in avernge denth, and hag a required capacity of 51,500

Cofege to Tage the spillway flood flows from the ressrvoir to
the gnillway section.

b.  North Branch Unmated Outlety— {1) Hydraulic Rogquire-
nente.— The criteria considered for the design of the ungated .
outlet on the North Branch are sumnarized as follows:

{a) To discharge normal flows in the North
 Branch without diversion to Beards Brook. It 1s desired %o
elininate diversion, except during flood condltions, as there
is no well-dofined stream bed connecting the itwo rivers.
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Continuous diversion without eny storage pool in the Beards

Brook scction of the reservoir would result in erosion and
silting problems in Beards Brook,.

(b) To restrict the discharge on the North Branch
in ordor to control flood flows,.

(e) To facilitate construction of the spillway and
to avold diversion of water during construction,

~ (2) gelection of Sige,~ A 6% x Ul outlet through the
conereto spillwey section weg sclected to satisfy these conditions.
The discharge capacity of the outlet with pool at elevation 690
is approximately 500 caf,s, This is the pool elevation that can
be maintained on the North Branch portion of the reservoir withe
out diversion to Beards Brock,. As nay be noted on the hydrograph
of thc Worth Branch (Plates I-U4 and I-5), flows exceeding 500
csfyez, are infrequent end are approximately of a one year frew
quency, The discharge capacity of the outlet with pool elevation
at the spillway crest is asbout 860 cof,se

(3) Outlet Digcharge Curve,~ The discharge curve for
the Horth Branch outlet is shown on Plate I1II-1. The lower part
of the digcharge curve was obitained hy assuming chennel flow in
the cutlet wiih eritical flow conditiong at the entrance, The
upper portion of the curve wasg cormputed by sunrmating the losges
for the entrance, friction, and velocity head. The sum of thege
logses regult in a coefflcient of digcharge equal %0 0493 in the
orifice and tube formula, Q = CA\/ 2 gH

where Q discharge in c.fe.s.
coefficlent of discharge
erogg~secticnal area in square feet
accellaration due to gravity
head on outlot in feet (measured to
top of portel)

man o
'n TR Y]

(h) Ellminntlon of Gatedy~ Gotes will be omitted on thig
outlet to clininsie the necessity for a gate control gtructure and
to gimplify the proposed method of gate operation during flock
conditions, 411 dlscharge resulsntion, %o augnent the flow from
the ungeted outlet, will be controlle& with the gates provided in

"~ the condu'l'b on Beard.s Brook, :

cs Boords Brook Conduit,~ (1) Hydraulic Reguirements. The
Beards Brook condult and zete capaciticg arce designed to meet
the following criterin: * o

(a) To discharge opproximately 1800 c.f.s.-with
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resérvoir 2t epillway crest, which combined With the dischdrge
fron the North Branch ungated outlet is approzinately equsl to
the safe downgitrean capacity. '

{B) Pc discharge spproxinately 2500 c. f.s.'wiﬁh
the reservolr at elevation 690 to expedite empiying the reservoir
followins the flood. It shofld be noted thmt betwoeen elevationsg

690 {crest of weir in diversion canel) and 705 the reservoir will

discharge throush the ungeted outlet on the Forth Branch in addi-
tion to the discharhe fron the Beards Brook conduit, Below

elevation 690, the rescrvoir nust be ontirely emptied through -
the Beards Brook conduit,

(e} To discharge approximately 2500 cifi e, with
reservolr stage at elevation 665. This criteria ig desirable to
allow a discherge from the reservoir equivalent to the downstream
channel erpacity utilizing only 25p of the total reservoir stor—

of -.e .

(4} To discharge approxinately 1500 cif.s, with
reservoir stege at elevation 645 %o nrovide capaclty at low
hoads in cage the reservoir ghould ever be used for coascrvation
PUINOSES,. ' ‘

(o) To obtain discharge critoris at the higher
regervoir gtnges without resorting to partial gate opening,

(2) Selection of Size.~ To mech these criteria a
gquare conduit & feet wide and & feet high was selected, This
crogs—-sectional arca is necessory to satisfy condition (e) above
which is the governing condition for the c¢ondult cspacity. The
portal of tho conduit is rectanrular in eross-gection with a
width of 9'-6" and a height of 6'-6", This results in an area
reduction fron "64 o 61.75 sousre feet and assures positive
pregsures within the conduit., RKedueing the height of the conduit
and flaring algo tends to injtiate o spread in the digcharge Jjet
that continues into the stilling besin., Three gates are provided;

the center gate U feet wide and 7 fect hig;h and the outside
aates % feot wide and T feet h?gg The 7 zate has gsufficlent
capacity to satigfy condition and he two x 3 gates will

satlsfy condition (b). The gelection of gote sizes is influenced
in part by the ungated outlet on the North Branch in order %o

keep the flow below the confluence of the Worth Sranch ond

Beards Brook within the channel capacity. It is also to be noted
that this North Branech outlet is only effective in emptying the

ir wvheop th b lovall duit h
ro% aﬁ iegﬁ%ﬁ % ou% ﬁﬁoaf3§% gfexﬁicﬁnagpgoximmtefgnagi es

feet will bo usod in the grte passages, The invert grade of the
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condult which will slope fron elovation 61T at the entrance to
elevation 613 at the porsal, 1z scleeted prinerily to moet
foundation conditions.

(3) Conduit Discharce Curves,— The relation of reservoir
elevation to conduit dlscharge is shown on Plate 1II~2, Thig is
a cormpound curve with the upper portion computed for the conduit
flowing full with control at the portal, The lower portion ig
conputed for the conduit flowing parily fulls, The uncertain zone
where these curves intersect hag been cgtinated to agree with dis-
charge curves obtalned from model studies of comparable condults,
For the conduit flowing full, the hydraulic logsses were ocompubted
in torms of exlt velocity head, JFriction losges were computed by
the Manning formula using n = 0,013, The summary of losses in °

terng of portal veloczty head for discharge with all gates open
ere as follows:

2
Entrﬂnce 'Q_fm_g'oqq-o_sooqln.lplobg'.oo._os' Vx

28
Gate passages, gnte slotg,
trongition, etCesnenssssrscces0eld
ﬁiction in Ccndlli‘b..q.-...-.-...oo 88 “
Velocity head at portal...........lsoo

Total head "HM 2,06 M
Phe digcharge can bo expressed in terms of the head by the follow-
oquations ‘

Q= 364 VT H

where @ = discharge in c. v Lage

- H e head in foet as measured fron the regervoir gstage to
the roof of the portal.

(4) Discharge Capacity of Gatese~ The discharge capacity
with two gates open is computed sinilar to the method outlined for
all arteos opens With one gate open the single gate passage will
be the hydraulic control instead of the conduit portal, The dig-
charge ig cormuted sinmilar to the method outlined for all gates
opon, The digcharge is computed considering entrsmce, gate,
friction, and velocity head losses in terns of the velocity of
flow in tho gate pagsgazeway, The lower poriion of the rating
curves 1g computed by sssuning critical flow conditions at the
entrance %o the gote padsages. The energey and hydraulic:

- gradients in the condult with all gotes open and the reservoir -
at spillway crest elecvatlon are shown on qute III-3, Orogs
sections of condult and portal are also shown,
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(5) Digeussion of Gate Sizege- An attenpt has been made
to geloct gate's 0T The Sono 8120 %3“f§%ilitate construction,

instollation, and inter-change of parts, but it was found that
three similar gotes Adid not have the flexibility of dlgcharge
regulation to satisfy the desien criterias The high head on the

antes (heod equals 88 feot with water at spillway creat) makes
it undesirable to operate gnates at partial openings because of

the possibility of vibration and cavitatlon from the negative
nregsures. Tarco gzates of equal size (say, T = 3—1/2-feet)
result in a discharge capacity for one gate that is toc snall
for controllinz the regervoir desizn flood {Flood of March 1936),
as described in Apmendix I, without appreeiable spillwgy dis- '
chrrgo, Iwo gntes omen for low regervoilr stages result in

$0oo high o rate of dischargze for the frequent floods and not
opbinun utilization of the reservoir storage for the maximun
Govnstrean flood reductions. The scleeted gate gizes provide

o wide range in rates of dischargo without resorting to partial
ante openings as indlecated on Plate I1I-2, This range in avall~
able discharge is adventaseous in erptying the resorvoir follow-
ing o flood as shown on Plate I-26. The discharge equal to the
downgtrean channel cnpacity cen be mainitained more unifornmly end
eongequently decrease the time necessary to empty the reservolr, .

'Routing corputations indicnte that the time required to empty

the reservolr using thrce cgqual gates without partial opening
is_approxinately 1-1/2 deys longer than tho time takgn by the
selocted gates. Even nore important is the fact that’ with the
pronosed gntes an additlonsal ineh of storase is nade available

»t the ond of the Tth da{ bg being able to clogely maintain -the
channel capoeity, The discharge range provided by the selected

zates 1s also believed doslrable in ecasge the reservelr is ‘
utilized for conservation purposes in the future when it nay

be necessary to discharge nreserided rates for downstrean uses
It is estinnted thet the alditional cost for providing two

sizes of gotes is epvroximately $3000, tut is is considered

that the merits and adventoges of the selected gate slzes
justify  this additional exmenditure, -

de Oondult 9%1lling Bagin.- (1) Gonorale- Tho absence of
bed~rock in the vicinity of the conduit outlet and the high
volocity of digcharge that will result wlth any appreclable
rogervoir stage make 1% neceasary to provide a stilling Yasin
to dissinnte the energy in the ecnduit discharge, Tho reach
of river below the outlet conglsts of a well defined channel
lined with bouldors and with falrly ateecp slde slopes, The
river flow ig turbulent due to the effeet.of the boulders end,
the grade which averages approxinately 1 percent, There is no
natursl channel restriction or hydranlic control to provide a
strbiliged tallwater, :

111-6



p—

(2} Hydraulic Requirements,~ The stilling basin is
designed to insure the formation of an hydravlic jump under
the following discharge conditionsg:

(a) Reservoir stage - Elevation 718
(b) Conduit discharge
(Based on "n" = 0,011)

3860 cof.8s
(¢) Portal velocity

61 ft.per sec.

m i

(3) Design of Stilling Basin.- The stilling basin
Tollows conventional patterns of sloping and stepped floor and
expanding sections. The curve for the floor of the expanding
section from the portal to the floor of the stilling basin is
determined by the trajectory of the jet of water leaving the
exit portal. To insure flattening of the Jot and complete £ill-
ing of the expanding section, the initial horizontal velocity
of the jet is taken as 70 feet per second, or aboub 9 percent
greater than the maximum computed VGIOCltg The equation of
this parabolic trajesctory is X2 = 800y. Since the jet falls.
13 foet (elevation 613 to 600), the required length of the
expanding section is 72,5 feet. The depth of tailwater required
for obtaining an hydrsulic jump is based on the formulai

4 /evéa 22
BRI R
vhere de = depth of flow in feet after the jump
d; = depth of flow before the jump
vy = Velocity of flow in feet per second before the jJump
g = acceleration due %o graviiy.

The required depth, for a stilling basin width of YO feet, is
approximately 18,5 feet. The expanding section has a gradual
flare that increases the width from 9 feet 6 inches at the con-
duit exit portal to U0 feet at the upstream end of the stilling
basin, The width continves to expand to o meximum width of

6C feet in order to obtain a lower depth of flow over the end
8111 and in the discharge channel., The stilling basin has two
rows of baffles and a high stepped end 8ill at elevation 610,
The plan and profile of the stilling basin with a discharge of

3860 cyfese are shown on Plate TII.L,

(4) Tailvater.- The stilling basin end sill is
designed to establish a definite tailwater rating curve as there
is no natural control to cause a determinable stage~discharge
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relationship. The end gill corresponds to a flatwcregted welr
with an azsunad maximun coeffielent’ of discharge equal to 3s2.
The discharise channel is designed with sufficient oross sectional
arce and botton slope to ingure that the hydramlice control re-
nains at the end gill,... The end sill will provlde an adequate
tallwater depth for all wrriationg in conduit Alscharge as shown
on Plato ITI-h,.

s Spillvay.. (1) General. The concrete spillway located
on 'bhe ¥or ranch will Provide discharge capac):lj.ty for the spill-

way desien floods originnting on both the North Branch and Beards
Brook, Furthermore, the spillway will have additional czpaclty

for the discharge that would eone fron the possible failure of
Jacknan Dan during the super—floods.

(2) Degign.~ The sn111Way length of h50 feet is selected
en,%ﬁ

th t 1 h o ire lacharge
aﬁnacgtyes egoi ofe% 3 mg % sec on rec%ug &

shortening the sn111Wa{ and increasinp the height of the dan
for the cost of the embanlment sectlon rises rapidly per foo

of additlonal height, To satisfy the discharge requirements
shovn on Plate I-21, the snillway is designed for dlgcharge
" capacity of 80,000 cofeze with o desisn head of 13,0 fest,.
The discharge rating curve ghown on Plate 1II-5 is based on the
weir formulat- 3/2
_ ‘@ = CIH
where @ = diascharge in c.f.s.

C = Coefficient of discharge

L = Length of weir in feet

HS Hoad on welr in feet

The coeofficiont "O" i3 assumed to vary from 3.0 to 3.8 depending
on the ratio of the effective head to the design head as ghown on
Plate III-5, . The veloclty of approach to the spillway is
neglceted due to the uncertainties in the flow condition gpproach~
ing the gpillway from the diversion channel =nd the North Branch..

(3) Soillwey Nappee- The shape of the spillway conforms -

to the exponentlal curve ocutlined in Cireular Letter Ho.. 3281
dated 2 September 19UL, subjcet: "Shape of Snillway Crests.”

The &urve is expreqsed ns Tollowss
1.85 0.8
X 2 Hy oy

&# -
where X = horizontal distance from oges crest line
I = vertical distance below ogee crest level

H =~ degign head on ogee crest

For a desirn hend of 13,0 feet this function rednces to:
7077 = 17.70Y

The curve for the unstrean face of the dem %0 the crest is a
corpound curve conforming to similar recomniendations in the above

Ciroulsr Letter,.
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(4) Tpilwater,~ The channel downstrean from the spill-
oy will be a sloping vock cut, No stilling basin is reguired as
the energy in spillway discharges will be dissipated in turbulent
flow, There nay be some soil erosion at the bend in the channel
(Plate IV~2) but there can be no demage done to any of the dem -

strucfures.

fo Diversion Canal and Channel,~ (1) General,~ The trape-
zoldal cut connecting the two sectlons of the regervoir and
utilized primarily for the flow from Beards DBrook to the spilll-
way is designated as the Diversion Channel, The smaller
trepezoidal cut In the bottonm of the diverslon channel, and
uged for dlverting flood flowg fron the North IDranch to Beards
Brook is designated the Diversion Canals, It should be noted
thet the flow in the crnsl and the channel are in opposite direc-
tiong during their respective design conditions,

(2) Hydrasulic Requirements.~ The eriteria for the size
and caracity of the diversion conal and channel are ag follows:

(a) Diversion Canale

Le To divert 5000 cif,se: from the North Iranch
to the reservoir storaze which is principally located on the
Berrds Drook section of the regservoir, Flows in the canal will
occur during the normal operation of the reservolr for discharges:
on the North Iranch that exceed the capacity of the ungated out-
let in the spillway. It is anticipated that this condition will
occur approximately once a year.,, The canaclty of 5000 c.fe.s. is
salectéd to satlsfy the anticipated maxinum discharge on the North
Dronch during the reservoir design flood,. The peak of the March

336 flood at the North Iranch gaging station (Drainsge area =

8 square miles) was 4680 c.fes. Incressing in the ratio of

drainage areag, the dlscharge at the dam site would Be 5460 c.fese:
Records of the N,H, Publie Service Co. indicate that the release
of floshboards on the Jackman Dam regulted in an esilmated
instanteneous dlscharge of 8300 c.f.g, which graduelly receded
to equal the natural flow, It ig not believed necessary to
design the diverslon channel for thig higher dlscharge from the
follure of flashboards, tut $o allow overflow in the bottom of
the diversion channel during these conditions, which, if they.
do occur, will be of ghort duration. It should be noted that,
when the diversion canal is conveying 5000 cef.s., Without sub-
nergence, the ungated outlet will be discharging 700 cufege,
hence, the combination provides for a total flow on the North
Dranch of 5700 cofete
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2+ To maintain comparatively low velocities in
the canal to prevent erdgions

3+ To allow water to flow in the opposite direc-
tion without restriction durinr apillway discherges,

(1) Diversion Channel.~ 1, To aivert 51,500 cofese
(Plate I-22) from Deéards brook section of the reservoir o the
apillway without creating velocities which would damage the
enbonknent slopes, the highway bridge, or the relocated nipe line
to the Jackman Power Plant.

2¢ To fonetien satisfactorily during the various
digcharge conditions thot would arise with the possible failure of
the Jackman Dant during the extraordinory floods cauging spillway
dig(}h"rbeo

- (3) Design of Diversion Canals~ {(a) Deseription,- The
diversion canal will he a trapezoidal cross—section with a boston
width of 90 feet, slde slopes of 1 on 2, and an average depth below
the bottom of the diversion channel of spproximately 9 feet, The
lensth of the canal is approximately 1100 feet with the invert

varying from elevation 689 at the power pipe crossing to elevae
tion 686 at the control weiri (Sec Plate IV-2), 4 control weir,
with crest length of 110 feet will be constructed at the end of
the ennal to control the velocity of flow in the channel and
eliminate securing and ercsion, that otherwlge would occur, -
The crest of the weir will be elevation 690 which will also
prevent diversion of the North Dranch flows to Beards BJrook
until the ungated outlet in the snillway is &ischarging under

an appreciable head.

(b) Water Surfece Profilee~ The water surface
nrafile for o discharze of K000 c.fes. through the diversion
cenal is plotted on Plate III~6. The water surface in the North
Branch section of the regervoir for this discharge will he elova-
tion 697+5. .The water surface profile was cormputed by standard
backwater methods starting with the hydraulic control at the
‘canal weolr ond assuning a Kutter's.coefficient of friction "n' =
0,040, The average velocities in the conal for the discharge of
500C cafese Will vary from sbout 5 feet at the weir to about 6
feet at the Worth Irench end of the cananle

, (c) Canal Weir.- The canal weir ig lengthened
from the canal botton widih of 90 feet to 110 feet to provide
gufficient discharge capacity for the preseribed 5000 cefese ;
without overflowing the sides of the canal, The ghape of the
weir conforms to the gsme criteria outlined in paragraph (e)
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of this appendix in order %o obtain a high coefficient of dlg—
chorges It is sgsumed that the coefficlent ig 3.6 for the
design head of 5,5 feet, The formula for the exponential

~function for the gpillway nappe ist

.85 = 8, 52?-'

The discharge enerzy will be dissipated in a dumped rock area

~ before flowing overland %o the reservoir pool, To aid in the

disgination, the flow over the spillway neppe will discharge on
to a horizontsl concrete toe with concrete baffles to camse
further turbulence, It is not expected 4o form a hydraulie .
Jump but to break down the energy by turbulence, If the flood
is of sufficient megnituds to £ill the pool. in the Deards
Brook section above elevatlon 690, the weir will become sub-
nerged, but under thess conditions the weir is unnecessary,

for the veloelties in the canal, or even overflow into the
channel, will be adequately controlled and reduced by natural
chkwator.

. (4) Desipn of Diversion Chonnel.~ (a) Descrintion.-
The diversion channel will be a trapezoidal crogs—section with
2 minirmn bottom width of 300 feet with side slope of 1 one 3
on the easterly embankment, ard 1 on 2 on the westerly dike.

The bottom of the chennel varies between elevations 698 and 700,

vhich averages 6 feet below the crest of the spillway. The
diversion canal extends through the bhottonm of tlie channel as
ghown on Plate IV-2., The length of the channel with the 300
foot width is approximately 400 feet. Deyond this section
the width increases to nmeet the geherel topograﬁhy

(b) Water Surface Profiles, Plate III-6 shows

the ﬁrofiles of water surfnce and. energy gradients for the
chonniel flow conditlons illustrated on FPlates I-22 and I1-23.
The hydremlic agswrrtions and pertinent data relative to these

nrofiles are sumnarized as follows?

1, Profile "A" is bmged on the channel
flow conditions illustrated on Plate I-22 and is. the maximum.
flow in the channel fron Deards Brook to the North Dranch

. oceurring with the agsumed failure of the Jaclman Dam during

the gpillway design floods - Thig condition results in the
highest water surface elevstions in both gections of the reser-
voir and leads to the determination of the top of the dam,
The zrade of the energy gradient in the North Branch scetion
will be 717.9 with a corresponding water surface at elevation

. T18,9 in the Beards Brook sections The elevation of the energy
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gradient ls guoted for the North Dranch section becausec of the
uncertainties in the true water gurface elevation,

2 Profile BB 35 based on the channel flow
conditions 111ustrated on Plate I-22 and ig the maximum flow in
the channel from Beards Drook to the Worth Brach occurring with—
out failure of the Jackman Dam during the spillway design flood,
This conditior results in the maximum channel velocitiea for
thig particular direetion of flow which vary between 5,0 and
T4 feet per second, The grade of the energy gradlent in the
North Brench section will bo clovation 716,0 with the water

. surfree in the Beards Drook scction at elevation 717.2.

3s Profile "C" ig haged on the channel flow

condition illustrated on Plate I-23, . It ig the naximun flow in
the channel fron the Forth 3ranch ‘to Beards Irook occurring dur-
ing the cormuted spillway flood derived from centering the
naxinun rainfall intensity over the drsinage basin of the North
Jranch. It is assumed that the channel flow of 10,000 cefete
sceury without any backwater effect from the Beards Jrook section
of the reservoir. It 1s to be noted that the canal will be con-
veying mogt of the dischrorge with only a snall depth of overflow
on the botton of the channel, end due to the difference in the
botton elevation the depth will not be great enough to cause
flow at the- toe of the embankment section. The maxinmun average
velocity im cormputed %o be approximately & feet per second.

4, Profile D" is derived from the csnal
design criteria and is discussed in parapraph fa {3)(b) of thiga
appendix;

(o) Other Desien Considerationg.—~ The canal and
channel must be adequate to satisfy the many different assump~
tiong and conditions of flow as enunerated . in the preceding
perasraph, These conditionsg arise during both the reservolr
and ¢pillway design floods., It is possible to conceive a
eritical condition of flow in the diversion channel resulting
fron o combination of several improbable circunstances, but it
1s not noggible to mathematlcally deternine the nagnitude of
' the dlscharge, water surface profiles or veloclty distributions
that would result, This flood situation would develop similar
o the conditions outlined on Plate I-23, namely: the regervoir
would be emnty at the beginning of a flood-producing storm with
reinfall intensities comparable to the limiting rainfall condi-
tiong shown on Plate I-1lY, The grcatest intensity of the storm
would be assumed to fall on the drainage area of the North
3ranch in order to vnroduce the severest flood possible on the
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- NMorth Ilreanch and a relatively gmaller flood on the Beards Brook, .
With this combination of assumptions it ig conceivable that the
flood on the North Dranch would be of such nagnitude to cause
failure of the Jackman Danm at o time when the storage level in
the Deards Drook section of the regervior was below elevation
690 {crest of canal weir), . The digcharge of water from the
failure gap would camge a surge of water flowing down the North
3ranch, Without depth of storage in the regervoir "to cushion®
the rugh of water, the surge will be partly diverted through the
divergion channel with the remainder discharging over the spill-
way as the depth would rapidly rise., The valley storage and

. gtorage in the North DBranch section of the regervoir would tend
to reduce the onrush of water, but as both storage factors are
stiall the effect is perhaps negligible, The cross—sectional
area of the chonnel 1g entlrely adequate tn pass any concelvable
discharge with ample frecboards, The only danger to the embank-
nent section would come from higsh veloclties of flow and the

ef feet of turbulence on erosion and destruction of riprap pave-
nent. It is impossible %o hydramlically determine the flow con~
Gitiong that would develop during these hypothetlceal clrcunstances,
ut 1t is believed they are of qufficﬁaﬁt inporsance to be
analyzed by hydraulic model studieg. (See perasrach g.)

&e Hodel Study.~ Due to the undeterminable discharge con—
ditions that will occur in the North DJranch section comprising
the spillway and its approaches,the diversion canal and channel,
and the North Jranch, it is belleved degirable that a hydraulic
model gtudy e nmode of $his gection, Information would De
obtained on magnitude, direction, and digiribution of discharge
velocities, alequacy on heisht of walls and riprap, head losses
in the spillway epproach and diversion channel, and the deter—
nination of the gafe height of the embankment gection., The
nodel tests should include hoth the discharge conditionsg fronm
the gelected spillway design flood with asnd without the agsumed
failure of the Jackman Dar, . 1% is rocormended that the model
tosts be nade at the U, 3, Experimental Station at Vickshurg,
Misg,, to take advantage of their ideal hydranlic model facili-
. ties ond to profit by the experience and judgment of the
personnel at the Station,

hs Welr for Recreation Pools-~ Plate VIi~1 shows details of
a proposed weir that may be used in the deslgn in casge the State
of New Eanpshire advocates a recrestion pool. The weir would
allow regervolr operation similer to the method discussed in
Appendix I, that is, the center 7} x 4! gate will be maintained
open, the two 7' x 3! zates will be normally closed, except for
emptying murposes following o flood. . The control welr will Dbe
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constructed to the selected elevation of the recreation pool

{ tentatively deternined to be elevation 640) and will be an”
extensgion of the twe gate piers, Due to space limitations

the. ghape of the welr will not conform to spillway nappe _
requirements, Wt it ig not consldered too essential to have

a high coefflclent of discharze, . It is estimated that the.
weir will "drown out" with a head of approximately 3.5 feets
Under full head conditions the welr will add slightly to the
entrance losases bubt not to any serlous extent, The averagse
downward velocity through the welr opening with the regervoir
at elevation 705 is approximaitely 9 feet per second. . The end
vall of the welr:would be initially congtructed to elevation
622 #n order to pernit full utilization of the gates and cons
dult capacity durlng the construction perlod involving the use
of the ecofferdan snd diversion of the flow through the conduit.
The loss of 100C acre feet of storage for recreation purposes
hag but slight effect on the reservolr desigr floods, =2nd would
raise the maximin water surface only a few tenthsg of a foots, .
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DEFIFITE FROJECT REPORT
BEARDS BROOK RESERVOIR
APPENDIX IV

STRUCTURAL DESIGN

Be Introduction:~ This appendix presents a detail de-
scription of the structures and improvements comprising the
project; the resulis of the structural stability analysis made
for the masonry structures; and an analysis of the selection of
the gate type best suited and most economical for the installa~
tion in the intake tower, The masonry structures are designed
in accordance with standard practice using working stresses and
procedures prescribed in the EInglneering Manual for Civil Works
issued by the Office; Chief of Engineers; The final selection
of each structure is governed by its suitadbility for the purpose
involved and an economic study of the comparable types: Ar- '
bitrary loading assumptions are established, in all cases,
following the criteria used on previously approved projectsq
The hydraulically operated sluice gates are selected for this
installation because of their simpliecity in operation and the
lower cost of 1nsta11ation and maintenance,

b Slte Selection. Englneerlng studies were made for
various locations of the dem and spillway within the viecinity
of the proposed dam site as indicated on Plates II«7 and IV1,
Layouts, estimates; and economic studies have been prepared for
several types of dams in order to afford protection, from both
‘the Forth Branch and Beards Brook, of Lower Hillsboro Village
and the Town of Hillshoro and to reduce the flood stages in -
the Contoocock River, In addition to the control of the North
Branch, it was necessary to consider the possibility of failure
“of the Jackman Dam located approximotely 2500 feet upstreanm
from the propesed spillway sites The location of the dam and
spillway selected from the three alternates described in para-
graph 15 proved %o be the most economical while providing
protection $o the downstream towns from floods and the possible
failure of Jackman Dam.

c+ Consultants Conferences.~ During the progress of the
design, two Board of Consultents meetings were held in the
Boston District Office and the selection of structures and
features of design were discussed in details The first &one
ference was held on 1 September 1944 and the following members
were presents
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Mr . H, McAlplne ~ Office, Chief of Engineers,
Washington, D. C.
Dr, Arthur Casagrande -~ Harvard Un1versity, Cambridge,
Mass,,
Consultent
‘Mr, ¥, F. Uhl'—- Charles T, Main, Inec,, Boaton,. Mass..
. Consultant,

The second conference was held on 14~15 December 194U, and

the fellowing members wers present;

Mr, W, H McAlpine, Office, Chief of Engineers,
Washington, D. C, ‘

Mr. W F. Uhl.~ Charles T. Main, Ine,, Boston, Mass,,
Consulbant

Mr. J. D, Justin - Philadelphia; Pennsylvania,
Consultant

Dr. Arthur Casagrande, Harvard University, Gambridge,

- Mass,, Consultant.

Informal discussions were held at various tlmes with

members of the Board of Consultants on various feﬁtures of
design,

A confersnce betwesn representatives of the Boston Dig-
trict Office and the Office, Chief of Engineers was held on
30 May 1945 in the Office, Chief of Engineers, Washington,

D, G, for the purpose of discussing the criteria and features
of design, The representatives of the Office, Chief of
Engineers aftcrward made an inspection tour of the dam site
on % July 1945,

Prior to the completion of the final contract plans,
one more meeting of the Board of Consultants will be held
in order to review the contract plans. .

4, Description of Structures.- (1) Embankment.- The
proposed embonkment, ns shown on Plate IV.l, consists of a
rolled earth embankment with dumped rock gide slopes as showm
iIn the cross section on Plate IV~3, The embankment has a
crest length of approximately Y400 feet and a maximum height
of 108 feet, 4 detailed analysls of design for the embank-
nent is contained in Appendix II.

(2) Outlet Works,~ (a) Controlled Outlet Works.- ..
The controlled outlet works are located on Beards Brook
ond regulate the discharge therefrom. The outlet works con-
sigt of a reinforced concrete intake structure, a conduit
through the embankment and stilling basin, sections of which
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are shown on Plates IV-3, Y and 5. The gate houte sontaing
two outlets 3'-0" x 7!'-0" and one outlet 4!'-0" x 7W.0W, each

. 0of which contains on hydrauliecally operanted sluice gate.

The intake structure is connected with the embankment by a
structural steel bridge., The gate chamber outlets converge
into a single concrete conduilt, 8 feet square which passes
through the embankment and has. a series of cut-off collars
for control of seepage through the dam, The stilling basin
consists of o reinforced concrete slab with reinforced con-
ergte baffles and end sill founded on a drainage mat of

18 inches of gravel and 6 inches of sand., Gravity-type
sections have been selectzd for the intoke and stilling
basin retaining walls in view of their grester durability

_under severe climatic conditions. The entire outlet works

are founded on the underlying glacial till and the design
analyses for the siructures are shown on Plate IV-10, :

(b) Uncontrolled Outlet Works.~ Tho dis-
chorge from the North Branch ls unregulabed ond passes through
an ungoted BI-0" x 610" rectangular outlet in the spillway
section which is located across the North Branch.

(3) Spillwaye- The spillway is located at the
westarly ond of the enbankment and spans the Worth Branch,
The most coonounical channel widths and weir length wers
compubed in relation to ths corresponding dam helght re-
quired. The spilluay is 2 low gravity-type concrete ogee
scction, The spillway hos o crest length of 450 feot atb
elevation 705 and is founded on bedrock, Stability
analyscs for the spillway are shown on Plate IV-10. Ths
approach channel is approximntely 150 feet in length and
hns a width of U50 feot ot the spillway which increases in
width upstreend until it joins the diversion canal. The
channel floor le exeavated on natural rock surface with the

rock cub forming the southerly training wall and o gravity

concrete wall on the northerly side. A pilot channel ex—
cavated in rock is locoted approximately in the center of
the approach chonnel to direct the normal flow of North

“Branch to the uncontrolled outlet in the spillway. The

floor o6f the channel slopes upstrean to natural ground sur-
face to provide drainage of the area affer high water stages.
The floor of the spillway discharge chamnsl is at elevation
695 and slopes to the present ground surface. The ohanncl
ig UBU feet wide ot the spillway and gradually converges to
a width of 340 feot in a length of approximnbely 400 feet
baefore 1t discharges into North Branch. Seetions of the
channel not in exenvated rock are protected by dumped
riprap. A pilot chonnel is provided approximately in the
conter of the discharze channel for the normal discharge
fron North Branch which ompties into the existing strean
bed downstronn from the spillway., The training wall ad-
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Jacent %o the spillway on. the norta slde of the channel is
a gravity type conerete wall with the remaining ecorth cut
slope protected by B feet of dumped rock, The natuwral rock
cut on the southerly side of the channel forns: the troining
_surfﬂce for the gpillway discharge,

(4) Dike.- An carth-filled dike with riprapped
face on the channel side, o section of which is shown on
Plate IV-2, is located on the westerly side of the diversion
conel and the northerly side of North Branch between Jacknan
Reservolr and the diversion canal, This dike is provided
for protection of the existing wood stave pipe line during
perleds of high water, The dike also provides additional
protectlon to the property located northwesterly of the
proyposed dike,

(5) Diversion (onal and Diversion Channsl.- 4
diversion conal ond chamnel are loeated through a low ridge
approxinately 250 feet upsirean from the spillway and connect
the reservolr bvasin with the North Branch. (See Appendix III).

The diversion eonnl ig a tropezoldal section having a
botton width of 90 feet and slde slopes of 1 on 2 and is
approxirntely 1100 fest long with the invert varying fron
elevotion 689 neor the spillway to eclevation 686 ot the
control weir. (See Plote IV-2). 4 control welr, with crest
elevotion 690 and lengbh of 110 feet is prov1ded at the
northerly end of the canal to control the velocity of flow
in the canal. The discharge over the control weir will be
dissipated in o durped rock paved arca before flowing overe
land to the reservoir pool.

The diversion channel is o trapezoidal section having
a ninimun bottonm width of 300 feet with side slopes varying
from 1 on 2 to 1 on 3, and is guperinposed on the diversion
canal, The botton and side slopes of the diversion canal
and channel are riprnpped to pravent scour and erosion,

4 now seven (7) span steel girder highway bridge cone
structed on concrete piers.spans the diversion channel.

(6) Structur L Stability Analyses.~ The nasonry
structures are designed in nccordance with standard methods
and the results of the analyses are shown on Plate IV-10.:
The analyses for the intoke structure are made with extrene
high water in the regervoir and with the reservoir empty.:
The stobility annlysis for the upstirenn spillway wall is
bagaed on the lateral pressure of the earth retained, and
wober at spillvay crest elevation shortly after o design:
flood in which the saturntion line in the fill is obove
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crest elevation, The design of the stilling basin well is
based on the lateral pressure of the enrth retained, and
nornmal tailwater shortly after a design flood in which the
saturation line in the fill is nbove normal tnilwater,
Uplift pressures applied to nasonry structures founded on
$111 nre equal to 66 percent of the hydrostatie head over
100 percent of ths bnge area and for siructures founded on
rock are full wplift over 100 percent of the aren,

In view of the relatively light foundation loads re-
sulting from the computations and the reénoteness of any
poséible earthquoke shock to the dam when the reservoir is
full, the structures were not analyzed with additional
earthquake loadings. : '

e. BHelection of Gate Type.~ Gate sizes were selected -
to provide hydraulic design dischargs capacities without the
necessity of operating with partially opened gates. {(Appendix
111), Types of zates nnd zate holst having the necessory
features required.for the plan of operation are (1) Self-
closing caterpillar gote with cable hoists (2) Slide gate with
notorized screw type gate stand;’(}) Slide gate with hydraulic
hoist. Valves of the types designed for operation under high
heads ot partial opening wers not considered since this con-
dition doess not exist in the plan of reservoir operation.

Coterpillar gates with cable hoists are elinminnted as
being uneconomicol in the small sizes required in this de-
sign. The arrangenent of slide gate with rotorized gate
stand considered for this design would require the gate
stand t0 be nounted on the operating floor nbove the maximuan
reservoir level in order to keep all electrical motors, con-
trols and wiring out of the darpness of the sate well., This
arrangenent requires n 100 foot long gote sten with about
ten internedinte support brackets which would be costly and
require considerable maintenance, ZEach gate would require
a separabte gate stond oand the space in which to house them,
o condition of gate operation requires more than one gote
%o be operated slmultaneously, therefore, the expensc of the
three gote stonds is required only becouse of the arrange-
nent. The low efficiency of the serew type hoist requires
that the holst torque motor be the equivalent of about
210 HP motor as against o § HP notor as required for the
purp for o hydraulic hoist, The switch board, electrieanl
wiring, and the electric sorvice line from o point 1/2
niles from the gate house site, and the standby generator
set oll would have to be of capacity %o serve the high am-
pernge torgue motor, The screw type hoist, because of its
nany meehanical ond electrical parts, would reguirs con-
siderable maintenancs, . R
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The slide gote with hydranlic hoist was selected
becouse of its simplicity of operation and maintenance,.
and the lowver costs of providing (1) Flectric power '
supply to the zate house structure; (2) Switehboard;

(3) Controlss and, (4) Standby generator set, This are
rangenent, with only one operating and one standby motor
driven o0il pump oand the snall standby generator and switche
board provides o maxirun arcunt of working spacs on the
equipnent floors and also nakes possible the provision of

a subfloor for storase space since the mobte well will not
be flooded as would be the case with either the caterpillar
cate or the conventional slide gate without bonmet and
cover,
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DEFIVITE PROJECT REPORT
BEARDS BROOE RESERVOIR
APPEMDIX V¥

HYDROELEQTRIC POWER

&+ Introduction,~ This appendix presents the results of
studies made of the feasiblllty of developling Beards Brook
Reservoir in the interests of flood control and storage for
stream regulation. The studies vere made pursuant to the
recommendation of the Federal Power Commission that a portion
of the flood control capacity be used for stream regulation
storage at some future time, which recormmendation was supported
by the Board of Engineers for Rivers and Harbors in the 9th
Indorsement to o letter dated & Fovember 1943, Subject:
"Reservoir Plans for the Contoocook Basin, New Hampshire!,

The results of the studies indicate that multiple-purpose do-
velopment cannot be economically Jjustified.

b. BStudies.~ The storage copacity of 35,000 acre-feet
represents the maximun obbtainabls storage without. relocating
Hillsboro Lower Village and is the nminimunm storage regqulred
for flood control purposss (See Appendix I). It is possible,
however, that at some future time a portion of the flood
control storags capacity of Beards Brook Reservoir nay be re~
allocated to anothsr ressrvoir farther upstream and that an
squivalent portion of the storage capacity in Beards Brook
Reservoir moy be used for stream regulation, with or without
hydroelectric developnent at the site., 4n economic study has,.
- therefore, been mads and the resvlts surmarized in Table 4
acconpanying this. appendix._

© ©. J&stimmted Cost.- Re-allocation of the proposed
flood control storaze capacity with spillway elevation 705
for nultiﬁle-purpose use, undertalten as o second stage
project in the fubure, would involve additional clearing of
opproximately 500 acres of wooded land. The principal itenms
of construction involved in the szcond stoge develonment
would be clearing for Plang I and III, and clearing and cone,
struction of power generation f”CllltieS for Plan IX,  The
"cogt of the hydroslectiric powver developnent is based on a
plant with 3,000 X.W. installed copacity ot a 20 percent
load factor, operating with an aversge net head of 90 feet.

&. Bosis of Cost dnalysig.~ The evaluation of power
benefits to be derived from o hydroelectric plant located at
the proposed dan site and the existing downstrean hydroeclee- -
tric installoations with the reservoir operated to increase

v-k



the low water flows, hne been based on the estinmated costs
for the production of equivolent power by o stean plant
locnted at a load center such as Manchester, New Harpshire.
The construction cost of such a stean plent 1s estimated to
be $102. per K.Y,, and the annual cost, consisting of the
fixed charges and allowvance for operation and maintenance,
ig estimatzd to be $17.50 per kilowatt per year. This
anount is the value assigned per kilowatt of dependable
prospective hydrosleetric capacity. The value of energy
output, based on the ecurrent cost of coal fuel at Manchester,
is estinnted at about 3 Mills per kilowatt hour. An allow—
ance of 10 percent has been nade for losses in transnission,

‘8. - Conclugion.~ The studies of the benefits to be de-
rived frorn the developnent of » rultiple-purpose ressrvoir
instecd of a flood control reservoir indicate that it can
not be economically Justified (as illustrated in the adcor
panying Table), The ratio of annual benefits to carrying
charges for flood control and stream regulation steoragze is
.25 and for streom regulation and hydroelsciric power genera~
tion ot site 1s Q,U48, These low ratios do not warront naking -
any provision in the initial construction for future power
installation.



COST AMALYSIS POR STREAM RECULATION STORAGE AND POWER IWSTALLATION AT SITE

1, Reservoir Data.—

Total Storage Capacity

Flood Conirol Storage

Stream Regulation or
Power Storage

Storage at Maximum Draw-

Plan 1
Flood Control
- and Stream
Regulation Storage

35,000 ‘AoFa, E1,705
20,000 &.F.,51.692-BL, 705

13,000 A.F.,T1,545-E1.6G2

Plan 2
Stream Bezulation
Storage with Power
Installation at Site

35,000 A.F., 14705

¥one

28,000 A.F._,_El.GGO—El._;‘{OB

Plan 3

Strean Regulation
Storage Only

35,000 AJF,,

E1,.705
Hone :

30,000 4.F,,E1,655-EL,705

down 2,000 A,F,, 1,545 7,000 A,F,, E1.660 5,000 4,F,, 1,655
Water Utilization Factor 80% . ‘ .. %0% :
2. Egtimated Cosb.~ _
Charged to Charged to
Flood Stream
: "Control Regulation
Reservoir Costs (Includ-

.ing Buildings and ERoad- _

Relocations) $ 139,000 $ 105,000 $ 24,000 $ 24l,000
Construction Costs 1,663,000 1,251,000 2,920,000 2,920,000
Reservoir Clearing and : .

Relocation of-Water

Supply Pipe Line 12,000 -120,000 .156,000 156,000
Subtotal $1,820,000 $1,476,000 $3,320,000 $3, 320,000
Coat of Power Installa— . ‘

tion for 3,000 K.Y. _ ' _

Capacity - - 530,000 -
TOTAL, BSTIMATED COST $1, 820,000 $1,476,000 $3,850,000 $3,320,000
Cost per Acre Foot of

- Stream Regulation

Storage - $9%.40 $94%,90

$9}'["0'90
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COST ABALYSIS FOR STREAM REGULATION STORAGE AND POWER INSTALLAPION AT STTE

Je Anmual Carrving
* Charges,-

(Cont'd.,)

Plan 1
Flood Control
and Stream
Hegulation Storage

Flan 2
Stream Regulation
Storage with Power

Installation at Site

Plan 3

Stream Regulation
Storage Only

Charged Charged to
to Fleod - Stream
Control Hegulation -
$81,000 $66,000 -$13,000 $149,000
4, Anmual Power Benefits,.— '
" {a) Power Installation
' at Site:
(1) 3,000 KW @
$17.50 $ 52,500
(2} 4,000,000 K¥HS |
@ 3 mills $ 12,000

(v)

Increased Output at
Developed Hydro~
Electric Plants
Downstream {Total
Head - 138 Feet)
(1) Increase in
Prime Peaking
Capacity &
$17.50 per KW
{2) Increase in
Average Annual
Znergy Outpui
® 3 Mills per KW

700 Ki-~$12,250

1,300,000 K¥HS~$ 3,900
$16,150

900 XW-$ 15,750

2,600,000 EWHS-$ _ 7,800

1,000 KW-§ 17,500

2,800,000 KWHS-§ _g,400
- $ 25,900

5e Ratio of Annusl Benefits

to Anmual Carryine Chargeg.-

25

$ 88,050

g

o171
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DEFINITE FROJECT REPORT
BEARDS BROOK RESERVOIR

APFENDIX VI,

RELOCATIONS

8+ Introducbion.~ The construction of Beards Brook
Reservoir necessitates raising one first class state highway
which now passes through the proposed dam sites raising a
short stretch of & secondary gravel roed and replacing the
existing bridge with & new bridge; and the improvement of an
existing access road to a cemetery. The raising of the roads
also requires the ralsing of accompanying power and telephone
lines. There are no railroads or cemeteries within the pro-
posed reservoir basin. The Public Service Compeny of New
Hampshire has water rights in the North Branch of the Con-
toocook River and has built & dam at a peoint on the river
approximetely 1/4 mile westerly of Hillsboro Lower Village
with a penstock exbtending from the dem to the surge tank
located downstresm at the confluence of the North Branch and
the Contoocook River. The penstock mmsses through the reser-
voir area and the site of the dam and diversion chamnel, The
consideration for the flowage easement will be the cost of
replacing the existing penstock with a steel lined oconcrete
penstock, the cost of which is included in the estimated cost
of the dem and appurtenant works. There are no other utilie
ties affected within the reservoir area,

b. Roeds.~ The existing first class highway (State
Highway No, 9), which connects the Town of Hillsboro and
Hillsboro Lower Village, passes through the proposed embank-
ment and diversion cenal sites, It is proposed to raise the
road approaches and construect & new steel girder highway
bridge across the diversion cenal which would permit une
interrupted traffic on Route 9 during periods of high water.
Construction of the bridge and approaches would proceed with
construction of the dam, and highway traffiec could be maine
tained during the construction period by mesns of a detour as
indicated on Plate IV-~11l., Tho present stone doublewarch high-
wey bridge spanning the North Bransh on the Antrim-~Hillsboro
Lower . Village road is inadequate in aree for passing flood
stage flows end the present approaches would be subjeet to
inundation during periods of high water. A new highway bridge,
adequate in design to pass a flood of the 1936 flood megnitude,
is proposed to replace the present double arched bridge with
the deck and adjacent approaches raised above spillway erest
elevetions. Access to the Bible Hill Cemetery, whieh is loocated

VI-l



N

approximately 1,500 feet upstream from the east atutment of
the dam,.ls gained from either the Beards Brook Road or
Bible Hill Road at the present time, The access passage-
way to the cemetery via Beards Brook Road would be blocked
by the dam and in order to provide access to the cemetery
it is proposed to improve the existing roadway from Bible
Hill Roads The secondary roads to be abandoned within the
regervolr area are the stretch of road vetween Pine Hill
Cemetery and the Bible Hill Road and those sections of
Beards Brook and Bible Hill Roads that would be inundated
during high water, These roads would, however, Ve open to
traffic during normal times,

The Chief of Engineers of the Highway Department, State
of ¥ew Hampshiré, has been consulted and has agreed that the
relocations proposed aré a reasonable solution for raising
and relocating the networlk of roads affected by construction
- of the proposged dam.

e Utilitiese~ The wood stave pipe line (penstock)
walch supplies water to the surge tank of the existing hydro-
electric installation at the confluence of Beards Brook and
Horth Branch, crosses the site of the proposed diversion cansl
and earth embankment and is owned by the Public Service Core
poration of New Hampshire, It is proposed to install the new
section of pipe line below the diversion canal and under the
dam from the dike on the west banik of the diversion channel
to a point approximately 200 feet downsiream from the tos of
the embankmont. The new section of pipe line (penstock) will
be a steel 1inéd concrete conduit, sections of which are shown
on Plate IV-g,

An existing water main which serves the town of Hillsw
boro is located in the casterly area of the reservoir, ap~-
proximately & feot under the present ground surface, Reloca-
tion ig not required within the reservoir areas

de Power and Telephone DLines.~ The existimg power -and
telephone lines paralleling State Highway No. © cross through
the prowvosed diversion canal and embankment and will bg-ralsed
upon completion of road congtruction work described in para-
-graph be The telephone line, bordering that portion of the
Antrim-Hillsboro Lower Village Road which requires raising,
is 1o be relocated at the higher road elevation.

Ce Method of Accomplishing Worke~ It is anticipated
that the relocation and raising of roads, power and telephone
lines will be accomplished by the respective owners who will
be reimbursed by the Government for such work with the




exception of the relocated pipe line, The cost of construct-
ing the relocated pipe 1ling, which is owned by the Pubdlic
Service Company of New Hampshire, is included in the estimated
congtruction cost of the dam, and will be performed by the
contractor for the dam and appurtenant works, . State Highway
Ho. 9, including the highway bridge, is owned by the State of
New Hampshire and all other affected roads and bridges are
owned by the Town of Hillsboro; the power lines by the Public
Service Company of New Hammshire, and the telephone lines by
the Now England Telephone & Tolegraph Company.

f.  Source of Information.- In accordance with the re-
guirements of Circular Letter Koe 3570, Real Estate Mo, 62,
dated 21 February 1945, subjeat: - "Real Bstate Functions of
Division Offices", the method of disposing of utilities
lying in the reservolr area was developed in collaboration
with representatives of the Real HEstate Division of the
Office of the Division Engincer, NWew England Division, The
gencral description of the regl estabte involved and data as
to its acquisition cost were taken from the "Report-Real
Lstate Cost, Beards Brook Reservoir, N,H,", dated 20 October
194k, prepared by the Division Engineer, New England Division.
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DEFINITY, FROJECT REPORT
BEARDS BROOK RESERVCIR

APPENDIX VII

RECREATIONAL FACILITIES

a. Introduction.,~ In accordance with the provisicns of
Circular Tetter No. 3579, dated 26 February 1945, subject:
"Recreation Facilities at ReservoirsY, the Directors of the:
several state agencies responsible for the promotion of public
recreational facilities in the State of New Hampshire were con=-
sulted regarding their possible interest in the development of
recreational faeilities in the Beards Brook Reservoir area.

The agencies consulted were the State Planning and Development -
Commission and the Forestry and Recreation Department. The
latter agency exhibited a definite interest in the development of
a recreational lake in accordance with the plans shown on Plate .-
Vii-l. This lake has a fixed weir at elevation 640, extends
about 1 mile upstreem from the dam snd has a maximum depth of 15
to 20 feet., The Director of the Forestry and Recreation Depart-
ment visualized an extensive use of a lake of this type for swim-
ming, boating, fishing, camping and general recreation purposes.
The Director of the State Planning and Development Commission ex=
pressed a similar interest in the development of the reservoir
area with the suggestion that tho lake level be maintained at
elevation 650 to permit the shores of the lake to extend to the
steeper side slopes of the reservoir basin, This latter agency
visualized the development of summer cottage sites on the bdluffs
surrounding the rim cf the reservoir. The capacity of the
reservoir at elevation 640 is 1,000 acre-feet and at elevation
650, 3,400 acre-feet or about 10% of the total reservoir capacity.
In either case, a fixed weir control is considered essential’ to
avoid reliance on menual operation of the gates, especially in
such instances as this where the time intervel between sequences
of operation on & rising flood-would be very short - & matter of
a few hours,

7

b, Bstimated Cost.~ The estimated cost of providing a
recreational leke in the reservoir is summerized as follows:

Lake Level at Fl. 640:
Fixed Welr R R N N T $ 2,600.
Clearing 170 20res sesesceesssssnsanas 27,400,
Access Roads and Parking Areas .eseeses .. 10,000,

; SubeTotal WIS NP A e et b bO A s s age st %4:0,0000
Contingencies and Government Costs,25%. 10,000, .
IO AL s s e vossssvasonroneonsnarssevsrsseas %50,000.-

VIT-1



Lake Level at El. 650: . .
Pixed Weldl cesssssscrsrsntassscssansnan $ 5,800-
Clearing 210 QCYeS ssescvosscavsocvsss 94,200,
Access Roads and Parking Areas ..eveees 10,000,
Sub"'total l!!ll-!f.oc.i!l.b.l.‘r:’. @48,0000
Contingencies and Government Costs,25%., 12,000,
TOI‘AL I.tl!...Iﬂ‘..!.0!&—.0...‘0“."!.. 60’0 Ot

Provision for such expenditures as outlined sbove have not
been included in the estimated cost of the project summarized in
- paragraph 14 of the text of the réport.

¢, Benefits.- It appears that the Federal Government would -
obtain littie if any finencisl return for the expenditure of
recreation facility funds. Arrangements whereby the State would
enter on Federal lands and establish auxiliary reersational
facilities have not been discussed in detail, but such leases or
rights of entry would undoubtedly be for nominal fees. This is
in 1line with the policy set forth in the Flood Control Act of
December 1944, which, as quoted in Cireular Letter 3579, states:
"That preference shall be given to Federal, State or local
governmental agencies and liceunsss may be granted without monetary
consideration, to such ageneciss for the use of areas suitable for
publie park and recreational purposes, when the Secretary of War
determines such action to be in the public interesteesecas.o's

A rgcreational lake development of this character, however,
would result in a reduced maintenance cost of the reservoir area
by virtue of eliminating the periodic clearing of trees in the
low levels of the reservoir, which possibly would be killed by
occasional flooding, In addition, it is believed that it will aid
in promoting the general sanitation and sightliness of the reser-
voir area. '

&+ Operation of Reservoire.= The expected fluctuation of a
low level lake during the récreation season of June through
October has been investigated. Hed & lake with weir crest at
elevation 640 been-in existence in the Beards Brook area .for the
‘past 20 years, the level of the lake would not have risen more than
approximately 3 feet during the recrestion season except in the
instance of the flood of September 1938 and once again in July of
1944. The design of the dam or the regulation of the reservoir is
not affected by the creation of a low level lake except for the
provision of the fixed weir upstream of the center gate. If a
lake to elevation 650 were provided, it would be necessary to
rovise the proposed method of gate operation to compensate for the
approximately 10% loss in flood comtrol storage.

VITa2



e, Clearance with Other Agencies.= Contacts have been made
also with the Fish and Wildlife Service of the Department of the
Interior and the Fish and Game Department of the State of New
Hampshire regarding the interest of these agencies in the reser-
voir and to obtuin suggestions on possible features to be in-
corporated in the dam for the promotion of fish 1life. Definite
suggestions have not been received from the Department of the
Interior. The State Department, however, has expressed itself
as opposed to the creatlion of o permanent lake on the grounds that
Beords Breok is one of the best trout streams in the region.

This agenoy has stated that the warming of the water resulting
from creation of the lake and the prohibition of fish migration
back and forth through the dam is inimical to the present fisgh life
of the brook. It has requested further that baffles be installed
in the outlet conduit to provide resting places at intervals for
the easy upsbream advance of young fish, These baffles, of

course, would have to be of such construction as to wash oub during
flood flows. Time has not permitted the confliet in interests be-
tweon the several State agencies to be resolved.

f+ Recommendation.~ It is recommended that the studies of
the several State agenocles and a coordination of their interests
be allowed to progress in normal course and that this report be
amended at a later date to include the finanl agreement of these.
agencies on the measures.to be incorporated for recrcation and
wildlife.
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